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as via pulsar timing arrays [39]. The purpose of this re-
view is to outline our current understanding of the micro-
scopic physics of dense matter in the interior of neutron
stars, and from this standpoint to construct families of
equations of state useful for interpretation of both elec-
tromagnetic and gravitational observations.
In addition, as the only source of “data” on cold high

density matter in QCD, neutron stars provide a rich test-
ing ground for microscopic theories of dense nuclear mat-
ter, providing an approach complementary to probing
dense matter in ultrarelativistic heavy ion collision ex-
periments at the Relativistic Heavy Ion Collider (RHIC)
in Brookhaven and the Large Hadron Collider (LHC) at
CERN. A major challenge is to understand the facets
of microscopic interactions that allow the existence of
massive neutron stars. Discoveries in recent years of
neutron stars with M ⇠ 2 solar masses (M�), includ-
ing the binary millisecond pulsar J1614-2230, with mass
1.928±0.017M� [40] (the original mass measurement was
1.97 ± 0.04M� [41]), and the pulsar J0348+0432 with
mass 2.01 ± 0.04M� [42] present a direct challenge to
theoretical models of dense nuclear matter.1

The existence of such massive stars has important im-
plications for dense matter in QCD. For example, they
require a sti↵ equation of state, i.e., with large pressure
for a given energy (or mass) density, and thus rule out
a number of softer theoretical models, and at the same
time impose severe constraints on the possible phases of
dense QCD matter. In particular, massive neutron stars
are di�cult (but not impossible) to explain in the context
of hadronic models of neutron star matter in which the
emergence of strange hadrons around twice nuclear sat-
uration density softens the equation of state and limits
the maximum stable star mass.

A. Phases of dense matter

Figure 1 summarizes the phases of dense nuclear mat-
ter in the baryon chemical potential µB – temperature
T plane [47]. [The baryon chemical potential, increas-
ing with increasing baryon density, here nucleons, is the
derivative of the free energy density with respect to the
density of baryons.] At low temperature and chemical
potential the degrees of freedom are hadronic, i.e., neu-
trons, protons, mesons, etc.; and at high temperature or
chemical potential matter is in the form of a quark-gluon
plasma (QGP) in which the fundamental degrees of free-
dom are quarks and gluons. The nature of the transitions
from hadronic to a QGP are sketched in Figs. 2 and 3

1 In addition the extreme black widow millisecond pulsars PSR
J1957+20 [43], PSR J2215+5135 [44], and PSR J1311-3430 [45,
46] possibly have masses as large as 2.5 M�; however the masses
remain uncertain owing to the need for more complete modeling
of the heating of the companion stars by the neutron stars.

FIG. 1: . Schematic phase diagram of dense nuclear matter, in
the baryon chemical potential µB–temperature T plane. At zero
temperature, nucleons are present only above µB ⇠ MN , the
nucleon mass. At the low temperatures inside neutron stars, mat-
ter evolves from nuclear matter at low densities to a quark-gluon
plasma at high density. BCS pairing of quarks in the plasma
regime leads to the matter being a color superconductor. (Low
temperature BCS pairing states of nucleons are not shown.) At
higher temperatures, matter becomes a quark-gluon plasma, with
a possible line of first order transitions, the solid line, terminat-
ing at high temperatures at the proposed Asakawa-Yazaki critical
point [48]. In addition, the solid line may terminate in a low tem-
perature critical point [49].

below. The temperatures in neutron stars, characteris-
tically much smaller than 1 MeV (or 1010 K), are well
below the temperature scale in Fig. 1, of order 10-102

MeV; matter in neutron stars lives essentially along the
chemical potential axis in this figure. The exception is
at neutron star births in supernovae where temperatures
can be tens of MeV, and in final gravitational mergers
where temperatures could reach ⇠ 102 MeV. The main
problem on which we focus in this review is the descrip-
tion of such matter, and the resulting models of neutron
stars, i.e., the profiles of baryons density, etc., as a func-
tions of radius from the center of the star.

B. Neutron star models – the TOV equation

We briefly recall that to construct a model of a neu-
tron star – once one specifies the equation of state, which
gives the pressure, P , as a function of the mass density,
⇢ = "/c2, where " is the total energy density and c is
the speed of light – one integrates the general relativistic
Tolman-Oppenheimer-Volkov (TOV) equation of hydro-
static balance [50, 51]:

@P (r)

@r
= (1)

�GN
⇢(r) + P (r)/c2

r (r � 2GNm(r)/c2)
[m(r) + 4⇡r3P (r)/c2],

from:  G. Baym, T. Hatsuda, et al.,  arXiv:1707.04966 [astro-ph.HE]
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significantly from a pure thermal production model and
that the quantitative description of the measured yields
is rather poor. Nevertheless, recognizable thermal fea-
tures in e+e� collisions, where equilibration should be
absent, may be a consequence of the generic nature of
hadronization in strong interactions.
From a statistical hadronization analysis of all mea-

sured hadron yields at various beam energies the detailed
energy dependence of the thermal parameters T

CF

and
µ
B

has been determined [41, 51, 74, 79–82]. While µ
B

de-
creases smoothly with increasing energy, the dependence
of T

CF

on energy exhibits a striking feature which is il-
lustrated in Fig. 3: T

CF

increases with increasing energy
(decreasing µ

B

) from about 50 MeV to about 160 MeV,
where it exhibits a saturation for

p
sNN > 20 GeV. The

slight increase of this value compared to T
CF

= 156.5
MeV obtained at LHC energy is due to the inclusion of
points from data at RHIC energies, the details of this
small di↵erence are currently not fully understood.
The saturation of T

CF

observed in Fig. 3 lends sup-
port to the earlier proposal [48, 50, 83] that, at least
at high energies, the chemical freeze-out temperature is
very close to the QCD hadronization temperature [51],
implying a direct connection between data from relativis-
tic nuclear collisions and the QCD phase boundary. This
is in accord with the earlier prediction, already more than
50 years ago, by Hagedorn [84, 85] that hadronic mat-
ter cannot be heated beyond this limit. Whether there
is, at the lower energies, a critical end-point [86] in the
QCD phase diagram is currently at the focus of intense
theoretical [19] and experimental e↵ort [74].
To illustrate how well the thermal description of par-

ticle production in central nuclear collisions works we
show, in Fig. 4, the energy dependence (excitation func-
tion) of the relative abundance of several hadron species
along with the prediction using the statistical hadroniza-
tion approach and the smooth evolution of the param-
eters (see above). Because of the interplay between the
energy dependence of T

CF

and µ
B

there are character-
istic features in these excitation functions. In particu-
lar, maxima appear at slightly di↵erent c.m. energies in
the K+/⇡+ and ⇤/⇡+ ratios while corresponding anti-
particle ratios exhibit a smooth behavior [87].
In the statistical approach in Eq. 2 and in the Boltz-

mann approximation, the density n(µ
B

, T ) of hadrons
carrying baryon number B scales with the chemical po-
tential as n(µ

B

, T ) / exp(Bµ
B

/T ). Consequently, the
ratios p/⇡+ and d/p scale as exp(µ

B

/T ), whereas the
corresponding anti-particle ratios scale as exp(�µ

B

/T ).
From Fig. 3, it is apparent that µ

B

/T
CF

decreases with
collision energy, accounting for the basic features of par-
ticle ratios in the upper part of Fig. 4. On the other
hand, strangeness conservation unambigously connects,
for every T value, the strangeness- and baryo-chemical
potentials, µ

S

= µ
S

(µ
B

). As a consequence, the yields
of K+ and K� increase and, respectively, decrease with
µ
B

/T . At higher energies, where T and hence pion densi-
ties saturate, the ⇤/⇡+ and K+/⇡+ ratios are decreasing

with energy (see lower part of Fig. 3).

We further note that, for energies beyond that of the
LHC, the thermal parameter T

CF

is determined by the
QCD pseudo-critical temperature and the value of µ

B

vanishes. Combined with the energy dependence of over-
all particle production [88] in central Pb-Pb collisions
this implies that the statistical hadronization model pre-
diction of particle yields at any energy, including those
at the possible Future Circular Collider (FCC) [89] or in
ultra-high energy cosmic ray collisions [90], can be made
with an estimated precision of better than 15%.

Since the statistical hadronization analysis at each
measured energy yields a pair of (T

CF

,µ
B

) values, these
points can be used to construct a T vs. µ

B

diagram,
describing phenomenological constraints on the phase
boundary between hadronic matter and the QGP, see
Fig. 5. Note that the points at low temperature seem
to converge towards the value for ground state nuclear
matter (µ

B

= 931 MeV). As argued in [52] this limit is
not necessarily connected to a phase transition. While
the situation at low temperatures and collision energies
is complex and at present cannot be investigated with
first-principle calculations, the high temperature, high
collision energy limit allows a quantitative interpretation
in terms of fundamental QCD predictions.
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FIG. 5. Phenomenological phase diagram of strongly inter-
acting matter constructed from chemical freeze-out points
resulting from statistical hadronization analysis of hadron
yields for central collisions at di↵erent energies. The freeze-
out points extracted from experimental data sets in our own
analysis (squares) and other similar analyses [74, 79, 91, 92]
are compared to predictions from LQCD [30, 93] shown as a
band. The inverted triangle marks the value for ground state
nuclear matter (atomic nuclei).
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FIG. 1: Curve of constant baryon number n
Baryons

=
0.15 n

nuclear

in the Meson-Baryon model (solid black line).
The points with error-bars mark the chemical freeze-out as
obtained from the fits to experimentally measured particle
yields [3]. The red line marks the first order phase transition
to nuclear matter. The dashed and dashed-dotted lines indi-
cate an estimate for the range of applicability of our model.
More specific, in the region to the right of the dashed line the
relative contribution of pions to the pressure is smaller than
20%. In the region to the left of the dashed-dotted line the
baryon density n

Baryons

is smaller than 1.5 times the nuclear
saturation density n

nuclear

= 0.153/fm3. In this region no
signs of a phase transition are visible.
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FIG. 2: Number density of baryons as a function of the
temperature for µ = 750 MeV (solid line). Note that the
number of anti-baryons is negligible within the plot resolu-
tion. We also show the number of pions (dashed line). The
dot marks the experimental result for the chemical freeze-
out temperature T

ch

= 56+9.6
�2.0 MeV corresponding to µ

ch

=
760± 22.8MeV.

rameter region the model can be mapped directly to the
nuclear droplet model.

The computational task concerns then mainly the dif-
ference of the e↵ective meson potential U(�;T, µ) �
U(�; 0, µc). This can be done by various methods – for
example one could employ functional renormalization by
adding nucleon degrees of freedom to the setting of ref.
[13]. For our limited purpose a very simple approach
will do. The potential di↵erence is directly related to
di↵erence of pressure for the parameters (�;T, µ) and
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FIG. 3: Chiral order parameter as a function of the tempera-
ture for µ = 750 MeV. The dot marks the experimental result
for the chemical freeze-out temperature T

ch

= 56+9.6
�2.0 MeV

corresponding to µ
ch

= 760± 22.8MeV.

(�; 0, µc). This can be approximated by a free gas of
nucleons with �-dependent mass. We can consider � as
an additional parameter in thermodynamics. Its value
can be varied by varying the quark mass. If needed, me-
son fluctuations can be added in a similar way. We will
discuss the linear nucleon-meson model in the setting of
ref. [14]. (Our normalization of � di↵ers by a factor 2
from [14].) Our new results extend the analysis to non-
vanishing temperature.

We consider our calculation as a reliable estimate of
the temperature and density dependence of thermody-
namic equilibrium quantities within the region of valid-
ity indicated in fig. 1. Input from observations is only
used for T = 0. An important ingredient is the depen-
dence of particle masses on the chiral order parameter
�. In turn, � depends on µ and T . This e↵ect goes be-
yond a resonance gas model with fixed vacuum masses
and permits to cover nuclear matter as well. Nearby the
gas-liquid phase transition line and its possible continu-
ation beyond the critical endpoint by a crossover line we
find that the �-dependence of particle masses is quan-
titatively important and crucial for an understanding of
the phase diagram and thermodynamic quantities. It is
an important finding of our paper , however, that this
e↵ect becomes small for the parameter region of the ex-
perimentally realized chemical freeze-out.

Linear nucleon-meson model

We use an e↵ective model for baryons  a (a is an
isospin index with  

1

describing protons and  
2

neu-
trons), an isospin singlet vector meson !µ, a scalar meson
� and pseudo-scalar mesons ⇡0 = ⇡

3

, ⇡± = 1p
2

(⇡
1

± i⇡
2

).

It is convenient to combine the scalars and pseudo-scalars
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FIG. 5. Phenomenological phase diagram of strongly inter-
acting matter constructed from chemical freeze-out points
resulting from statistical hadronization analysis of hadron
yields for central collisions at di↵erent energies. The freeze-
out points extracted from experimental data sets in our own
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band. The inverted triangle marks the value for ground state
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FIG. 1: Curve of constant baryon number nBaryons =
0.15 nnuclear in the Meson-Baryon model (solid black line).
The points with error-bars mark the chemical freeze-out as
obtained from the fits to experimentally measured particle
yields [3]. The red line marks the first order phase transition
to nuclear matter. The dashed and dashed-dotted lines indi-
cate an estimate for the range of applicability of our model.
More specific, in the region to the right of the dashed line the
relative contribution of pions to the pressure is smaller than
20%. In the region to the left of the dashed-dotted line the
baryon density nBaryons is smaller than 1.5 times the nuclear
saturation density nnuclear = 0.153/fm3. In this region no
signs of a phase transition are visible.

0 20 40 60 80 100
T �MeV⇥0.00

0.05

0.10

0.15

0.20
Number density �fm�3⇥

FIG. 2: Number density of baryons as a function of the
temperature for µ = 750 MeV (solid line). Note that the
number of anti-baryons is negligible within the plot resolu-
tion. We also show the number of pions (dashed line). The
dot marks the experimental result for the chemical freeze-
out temperature Tch = 56+9.6

�2.0 MeV corresponding to µch =
760± 22.8MeV.

The computational task concerns then mainly the dif-
ference of the e�ective meson potential U(⇧;T, µ) �
U(⇧; 0, µc). This can be done by various methods – for
example one could employ functional renormalization by
adding nucleon degrees of freedom to the setting of ref.
[10]. For our limited purpose a very simple approach
will do. The potential di�erence is directly related to
di�erence of pressure for the parameters (⇧;T, µ) and
(⇧; 0, µc). This can be approximated by a free gas of
nucleons with ⇧-dependent mass. We can consider ⇧ as
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FIG. 3: Chiral order parameter as a function of the tempera-
ture for µ = 750 MeV. The dot marks the experimental result
for the chemical freeze-out temperature Tch = 56+9.6

�2.0 MeV
corresponding to µch = 760± 22.8MeV.

an additional parameter in thermodynamics. Its value
can be varied by varying the quark mass. If needed, me-
son fluctuations can be added in a similar way. We will
discuss the linear nucleon-meson model in the setting of
ref. [11]. (Our normalization of ⇧ di�ers by a factor 2
from [11].) Our new results extend the analysis to non-
vanishing temperature.

Linear nucleon-meson model

We use an e�ective model for baryons ⌥a (a is an
isospin index with ⌥1 describing protons and ⌥2 neu-
trons), an isospin singlet vector meson �µ, a scalar meson
⇧ and pseudo-scalar mesons ⇤0 = ⇤3, ⇤± = 1⇤

2
(⇤1± i⇤2).

It is convenient to combine the scalars and pseudo-scalars
in the field

⌃ab =

⇧
1⇤
2
(⇧ + i⇤0) i⇤�

i⇤+ 1⇤
2
(⇧ � i⇤0)

⌃
. (1)

The e�ective Lagrangian is of the form

L = ⌥̄a i�⇥( ⇥ � i g �⇥ � i µ ⇥0⇥) ⌥a

+
⇤
2h

⇤
⌥̄a

� 1+�5

2

⇥
⌃ab⌥b + ⌥̄a

� 1��5

2

⇥
(⌃†)ab⌥b

⌅

+ 1
2⌃

⇥
ab(� µ µ)⌃ab + Umic(⌅,⇧)

+
1

4
( µ�⇥ �  ⇥�µ)( 

µ�⇥ �  ⇥�µ) +
1

2
m2

⌅ �µ�
µ.

(2)

Here we use the chiral invariant scalar field combination
⌅ = 1

2⌃
⇥
ab⌃ab and Umic(⌅,⇧) is a microscopic form of the

e�ective potential

Umic(⌅,⇧) = Ū(⌅)�m2
⇤f⇤⇧. (3)

The Lagrangian (2) is invariant under the chiral symme-
try SU(2)V ⇥SU(2)A⇥U(1)V ⇥U(1)A where the nucleon

.

line of 
constant density
ρ = 0.15 ρ0

nuclear liquid-gas
phase transition

chemical freeze-out

A. Andronic, P. Braun-Munzinger,  K. Redlich, J. Stachel: Nature 561 (2018) 321

A. P. Braun-Munzinger,  K. Redlich, J. Stachel: Nature 561 (2018) 321
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/T ).
From Fig. 3, it is apparent that µ

B

/T
CF

decreases with
collision energy, accounting for the basic features of par-
ticle ratios in the upper part of Fig. 4. On the other
hand, strangeness conservation unambigously connects,
for every T value, the strangeness- and baryo-chemical
potentials, µ

S

= µ
S

(µ
B

). As a consequence, the yields
of K+ and K� increase and, respectively, decrease with
µ
B

/T . At higher energies, where T and hence pion densi-
ties saturate, the ⇤/⇡+ and K+/⇡+ ratios are decreasing

with energy (see lower part of Fig. 3).

We further note that, for energies beyond that of the
LHC, the thermal parameter T

CF

is determined by the
QCD pseudo-critical temperature and the value of µ

B

vanishes. Combined with the energy dependence of over-
all particle production [88] in central Pb-Pb collisions
this implies that the statistical hadronization model pre-
diction of particle yields at any energy, including those
at the possible Future Circular Collider (FCC) [89] or in
ultra-high energy cosmic ray collisions [90], can be made
with an estimated precision of better than 15%.

Since the statistical hadronization analysis at each
measured energy yields a pair of (T

CF

,µ
B

) values, these
points can be used to construct a T vs. µ

B

diagram,
describing phenomenological constraints on the phase
boundary between hadronic matter and the QGP, see
Fig. 5. Note that the points at low temperature seem
to converge towards the value for ground state nuclear
matter (µ

B

= 931 MeV). As argued in [52] this limit is
not necessarily connected to a phase transition. While
the situation at low temperatures and collision energies
is complex and at present cannot be investigated with
first-principle calculations, the high temperature, high
collision energy limit allows a quantitative interpretation
in terms of fundamental QCD predictions.
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FIG. 1: Curve of constant baryon number nBaryons =
0.15 nnuclear in the Meson-Baryon model (solid black line).
The points with error-bars mark the chemical freeze-out as
obtained from the fits to experimentally measured particle
yields [3]. The red line marks the first order phase transition
to nuclear matter. The dashed and dashed-dotted lines indi-
cate an estimate for the range of applicability of our model.
More specific, in the region to the right of the dashed line the
relative contribution of pions to the pressure is smaller than
20%. In the region to the left of the dashed-dotted line the
baryon density nBaryons is smaller than 1.5 times the nuclear
saturation density nnuclear = 0.153/fm3. In this region no
signs of a phase transition are visible.
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FIG. 2: Number density of baryons as a function of the
temperature for µ = 750 MeV (solid line). Note that the
number of anti-baryons is negligible within the plot resolu-
tion. We also show the number of pions (dashed line). The
dot marks the experimental result for the chemical freeze-
out temperature Tch = 56+9.6

�2.0 MeV corresponding to µch =
760± 22.8MeV.

The computational task concerns then mainly the dif-
ference of the e�ective meson potential U(⇧;T, µ) �
U(⇧; 0, µc). This can be done by various methods – for
example one could employ functional renormalization by
adding nucleon degrees of freedom to the setting of ref.
[10]. For our limited purpose a very simple approach
will do. The potential di�erence is directly related to
di�erence of pressure for the parameters (⇧;T, µ) and
(⇧; 0, µc). This can be approximated by a free gas of
nucleons with ⇧-dependent mass. We can consider ⇧ as
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FIG. 3: Chiral order parameter as a function of the tempera-
ture for µ = 750 MeV. The dot marks the experimental result
for the chemical freeze-out temperature Tch = 56+9.6

�2.0 MeV
corresponding to µch = 760± 22.8MeV.

an additional parameter in thermodynamics. Its value
can be varied by varying the quark mass. If needed, me-
son fluctuations can be added in a similar way. We will
discuss the linear nucleon-meson model in the setting of
ref. [11]. (Our normalization of ⇧ di�ers by a factor 2
from [11].) Our new results extend the analysis to non-
vanishing temperature.

Linear nucleon-meson model

We use an e�ective model for baryons ⌥a (a is an
isospin index with ⌥1 describing protons and ⌥2 neu-
trons), an isospin singlet vector meson �µ, a scalar meson
⇧ and pseudo-scalar mesons ⇤0 = ⇤3, ⇤± = 1⇤

2
(⇤1± i⇤2).

It is convenient to combine the scalars and pseudo-scalars
in the field

⌃ab =

⇧
1⇤
2
(⇧ + i⇤0) i⇤�

i⇤+ 1⇤
2
(⇧ � i⇤0)

⌃
. (1)

The e�ective Lagrangian is of the form
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+
⇤
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⇥
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+
1

4
( µ�⇥ �  ⇥�µ)( 

µ�⇥ �  ⇥�µ) +
1

2
m2

⌅ �µ�
µ.

(2)

Here we use the chiral invariant scalar field combination
⌅ = 1

2⌃
⇥
ab⌃ab and Umic(⌅,⇧) is a microscopic form of the

e�ective potential

Umic(⌅,⇧) = Ū(⌅)�m2
⇤f⇤⇧. (3)

The Lagrangian (2) is invariant under the chiral symme-
try SU(2)V ⇥SU(2)A⇥U(1)V ⇥U(1)A where the nucleon
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significantly from a pure thermal production model and
that the quantitative description of the measured yields
is rather poor. Nevertheless, recognizable thermal fea-
tures in e+e� collisions, where equilibration should be
absent, may be a consequence of the generic nature of
hadronization in strong interactions.

From a statistical hadronization analysis of all mea-
sured hadron yields at various beam energies the detailed
energy dependence of the thermal parameters T

CF

and
µ
B

has been determined [41, 51, 74, 79–82]. While µ
B

de-
creases smoothly with increasing energy, the dependence
of T

CF

on energy exhibits a striking feature which is il-
lustrated in Fig. 3: T

CF

increases with increasing energy
(decreasing µ

B

) from about 50 MeV to about 160 MeV,
where it exhibits a saturation for

p
sNN > 20 GeV. The

slight increase of this value compared to T
CF

= 156.5
MeV obtained at LHC energy is due to the inclusion of
points from data at RHIC energies, the details of this
small di↵erence are currently not fully understood.

The saturation of T
CF

observed in Fig. 3 lends sup-
port to the earlier proposal [48, 50, 83] that, at least
at high energies, the chemical freeze-out temperature is
very close to the QCD hadronization temperature [51],
implying a direct connection between data from relativis-
tic nuclear collisions and the QCD phase boundary. This
is in accord with the earlier prediction, already more than
50 years ago, by Hagedorn [84, 85] that hadronic mat-
ter cannot be heated beyond this limit. Whether there
is, at the lower energies, a critical end-point [86] in the
QCD phase diagram is currently at the focus of intense
theoretical [19] and experimental e↵ort [74].

To illustrate how well the thermal description of par-
ticle production in central nuclear collisions works we
show, in Fig. 4, the energy dependence (excitation func-
tion) of the relative abundance of several hadron species
along with the prediction using the statistical hadroniza-
tion approach and the smooth evolution of the param-
eters (see above). Because of the interplay between the
energy dependence of T

CF

and µ
B

there are character-
istic features in these excitation functions. In particu-
lar, maxima appear at slightly di↵erent c.m. energies in
the K+/⇡+ and ⇤/⇡+ ratios while corresponding anti-
particle ratios exhibit a smooth behavior [87].

In the statistical approach in Eq. 2 and in the Boltz-
mann approximation, the density n(µ

B

, T ) of hadrons
carrying baryon number B scales with the chemical po-
tential as n(µ

B

, T ) / exp(Bµ
B

/T ). Consequently, the
ratios p/⇡+ and d/p scale as exp(µ

B

/T ), whereas the
corresponding anti-particle ratios scale as exp(�µ

B

/T ).
From Fig. 3, it is apparent that µ

B

/T
CF

decreases with
collision energy, accounting for the basic features of par-
ticle ratios in the upper part of Fig. 4. On the other
hand, strangeness conservation unambigously connects,
for every T value, the strangeness- and baryo-chemical
potentials, µ

S

= µ
S

(µ
B

). As a consequence, the yields
of K+ and K� increase and, respectively, decrease with
µ
B

/T . At higher energies, where T and hence pion densi-
ties saturate, the ⇤/⇡+ and K+/⇡+ ratios are decreasing

with energy (see lower part of Fig. 3).

We further note that, for energies beyond that of the
LHC, the thermal parameter T

CF

is determined by the
QCD pseudo-critical temperature and the value of µ

B

vanishes. Combined with the energy dependence of over-
all particle production [88] in central Pb-Pb collisions
this implies that the statistical hadronization model pre-
diction of particle yields at any energy, including those
at the possible Future Circular Collider (FCC) [89] or in
ultra-high energy cosmic ray collisions [90], can be made
with an estimated precision of better than 15%.

Since the statistical hadronization analysis at each
measured energy yields a pair of (T

CF

,µ
B

) values, these
points can be used to construct a T vs. µ

B

diagram,
describing phenomenological constraints on the phase
boundary between hadronic matter and the QGP, see
Fig. 5. Note that the points at low temperature seem
to converge towards the value for ground state nuclear
matter (µ

B

= 931 MeV). As argued in [52] this limit is
not necessarily connected to a phase transition. While
the situation at low temperatures and collision energies
is complex and at present cannot be investigated with
first-principle calculations, the high temperature, high
collision energy limit allows a quantitative interpretation
in terms of fundamental QCD predictions.
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FIG. 1: Curve of constant baryon number nBaryons =
0.15 nnuclear in the Meson-Baryon model (solid black line).
The points with error-bars mark the chemical freeze-out as
obtained from the fits to experimentally measured particle
yields [3]. The red line marks the first order phase transition
to nuclear matter. The dashed and dashed-dotted lines indi-
cate an estimate for the range of applicability of our model.
More specific, in the region to the right of the dashed line the
relative contribution of pions to the pressure is smaller than
20%. In the region to the left of the dashed-dotted line the
baryon density nBaryons is smaller than 1.5 times the nuclear
saturation density nnuclear = 0.153/fm3. In this region no
signs of a phase transition are visible.
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FIG. 2: Number density of baryons as a function of the
temperature for µ = 750 MeV (solid line). Note that the
number of anti-baryons is negligible within the plot resolu-
tion. We also show the number of pions (dashed line). The
dot marks the experimental result for the chemical freeze-
out temperature Tch = 56+9.6

�2.0 MeV corresponding to µch =
760± 22.8MeV.

The computational task concerns then mainly the dif-
ference of the e�ective meson potential U(⇧;T, µ) �
U(⇧; 0, µc). This can be done by various methods – for
example one could employ functional renormalization by
adding nucleon degrees of freedom to the setting of ref.
[10]. For our limited purpose a very simple approach
will do. The potential di�erence is directly related to
di�erence of pressure for the parameters (⇧;T, µ) and
(⇧; 0, µc). This can be approximated by a free gas of
nucleons with ⇧-dependent mass. We can consider ⇧ as
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FIG. 3: Chiral order parameter as a function of the tempera-
ture for µ = 750 MeV. The dot marks the experimental result
for the chemical freeze-out temperature Tch = 56+9.6

�2.0 MeV
corresponding to µch = 760± 22.8MeV.

an additional parameter in thermodynamics. Its value
can be varied by varying the quark mass. If needed, me-
son fluctuations can be added in a similar way. We will
discuss the linear nucleon-meson model in the setting of
ref. [11]. (Our normalization of ⇧ di�ers by a factor 2
from [11].) Our new results extend the analysis to non-
vanishing temperature.

Linear nucleon-meson model

We use an e�ective model for baryons ⌥a (a is an
isospin index with ⌥1 describing protons and ⌥2 neu-
trons), an isospin singlet vector meson �µ, a scalar meson
⇧ and pseudo-scalar mesons ⇤0 = ⇤3, ⇤± = 1⇤

2
(⇤1± i⇤2).

It is convenient to combine the scalars and pseudo-scalars
in the field

⌃ab =

⇧
1⇤
2
(⇧ + i⇤0) i⇤�

i⇤+ 1⇤
2
(⇧ � i⇤0)

⌃
. (1)

The e�ective Lagrangian is of the form
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+
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+
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µ.

(2)

Here we use the chiral invariant scalar field combination
⌅ = 1

2⌃
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ab⌃ab and Umic(⌅,⇧) is a microscopic form of the

e�ective potential

Umic(⌅,⇧) = Ū(⌅)�m2
⇤f⇤⇧. (3)

The Lagrangian (2) is invariant under the chiral symme-
try SU(2)V ⇥SU(2)A⇥U(1)V ⇥U(1)A where the nucleon
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significantly from a pure thermal production model and
that the quantitative description of the measured yields
is rather poor. Nevertheless, recognizable thermal fea-
tures in e+e� collisions, where equilibration should be
absent, may be a consequence of the generic nature of
hadronization in strong interactions.

From a statistical hadronization analysis of all mea-
sured hadron yields at various beam energies the detailed
energy dependence of the thermal parameters T

CF

and
µ
B

has been determined [41, 51, 74, 79–82]. While µ
B

de-
creases smoothly with increasing energy, the dependence
of T

CF

on energy exhibits a striking feature which is il-
lustrated in Fig. 3: T

CF

increases with increasing energy
(decreasing µ

B

) from about 50 MeV to about 160 MeV,
where it exhibits a saturation for

p
sNN > 20 GeV. The

slight increase of this value compared to T
CF

= 156.5
MeV obtained at LHC energy is due to the inclusion of
points from data at RHIC energies, the details of this
small di↵erence are currently not fully understood.

The saturation of T
CF

observed in Fig. 3 lends sup-
port to the earlier proposal [48, 50, 83] that, at least
at high energies, the chemical freeze-out temperature is
very close to the QCD hadronization temperature [51],
implying a direct connection between data from relativis-
tic nuclear collisions and the QCD phase boundary. This
is in accord with the earlier prediction, already more than
50 years ago, by Hagedorn [84, 85] that hadronic mat-
ter cannot be heated beyond this limit. Whether there
is, at the lower energies, a critical end-point [86] in the
QCD phase diagram is currently at the focus of intense
theoretical [19] and experimental e↵ort [74].

To illustrate how well the thermal description of par-
ticle production in central nuclear collisions works we
show, in Fig. 4, the energy dependence (excitation func-
tion) of the relative abundance of several hadron species
along with the prediction using the statistical hadroniza-
tion approach and the smooth evolution of the param-
eters (see above). Because of the interplay between the
energy dependence of T

CF

and µ
B

there are character-
istic features in these excitation functions. In particu-
lar, maxima appear at slightly di↵erent c.m. energies in
the K+/⇡+ and ⇤/⇡+ ratios while corresponding anti-
particle ratios exhibit a smooth behavior [87].

In the statistical approach in Eq. 2 and in the Boltz-
mann approximation, the density n(µ

B

, T ) of hadrons
carrying baryon number B scales with the chemical po-
tential as n(µ

B

, T ) / exp(Bµ
B

/T ). Consequently, the
ratios p/⇡+ and d/p scale as exp(µ

B

/T ), whereas the
corresponding anti-particle ratios scale as exp(�µ

B

/T ).
From Fig. 3, it is apparent that µ

B

/T
CF

decreases with
collision energy, accounting for the basic features of par-
ticle ratios in the upper part of Fig. 4. On the other
hand, strangeness conservation unambigously connects,
for every T value, the strangeness- and baryo-chemical
potentials, µ

S

= µ
S

(µ
B

). As a consequence, the yields
of K+ and K� increase and, respectively, decrease with
µ
B

/T . At higher energies, where T and hence pion densi-
ties saturate, the ⇤/⇡+ and K+/⇡+ ratios are decreasing

with energy (see lower part of Fig. 3).

We further note that, for energies beyond that of the
LHC, the thermal parameter T

CF

is determined by the
QCD pseudo-critical temperature and the value of µ

B

vanishes. Combined with the energy dependence of over-
all particle production [88] in central Pb-Pb collisions
this implies that the statistical hadronization model pre-
diction of particle yields at any energy, including those
at the possible Future Circular Collider (FCC) [89] or in
ultra-high energy cosmic ray collisions [90], can be made
with an estimated precision of better than 15%.

Since the statistical hadronization analysis at each
measured energy yields a pair of (T

CF

,µ
B

) values, these
points can be used to construct a T vs. µ

B

diagram,
describing phenomenological constraints on the phase
boundary between hadronic matter and the QGP, see
Fig. 5. Note that the points at low temperature seem
to converge towards the value for ground state nuclear
matter (µ

B

= 931 MeV). As argued in [52] this limit is
not necessarily connected to a phase transition. While
the situation at low temperatures and collision energies
is complex and at present cannot be investigated with
first-principle calculations, the high temperature, high
collision energy limit allows a quantitative interpretation
in terms of fundamental QCD predictions.
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FIG. 1: Curve of constant baryon number nBaryons =
0.15 nnuclear in the Meson-Baryon model (solid black line).
The points with error-bars mark the chemical freeze-out as
obtained from the fits to experimentally measured particle
yields [3]. The red line marks the first order phase transition
to nuclear matter. The dashed and dashed-dotted lines indi-
cate an estimate for the range of applicability of our model.
More specific, in the region to the right of the dashed line the
relative contribution of pions to the pressure is smaller than
20%. In the region to the left of the dashed-dotted line the
baryon density nBaryons is smaller than 1.5 times the nuclear
saturation density nnuclear = 0.153/fm3. In this region no
signs of a phase transition are visible.
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FIG. 2: Number density of baryons as a function of the
temperature for µ = 750 MeV (solid line). Note that the
number of anti-baryons is negligible within the plot resolu-
tion. We also show the number of pions (dashed line). The
dot marks the experimental result for the chemical freeze-
out temperature Tch = 56+9.6

�2.0 MeV corresponding to µch =
760± 22.8MeV.

The computational task concerns then mainly the dif-
ference of the e�ective meson potential U(⇧;T, µ) �
U(⇧; 0, µc). This can be done by various methods – for
example one could employ functional renormalization by
adding nucleon degrees of freedom to the setting of ref.
[10]. For our limited purpose a very simple approach
will do. The potential di�erence is directly related to
di�erence of pressure for the parameters (⇧;T, µ) and
(⇧; 0, µc). This can be approximated by a free gas of
nucleons with ⇧-dependent mass. We can consider ⇧ as
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FIG. 3: Chiral order parameter as a function of the tempera-
ture for µ = 750 MeV. The dot marks the experimental result
for the chemical freeze-out temperature Tch = 56+9.6

�2.0 MeV
corresponding to µch = 760± 22.8MeV.

an additional parameter in thermodynamics. Its value
can be varied by varying the quark mass. If needed, me-
son fluctuations can be added in a similar way. We will
discuss the linear nucleon-meson model in the setting of
ref. [11]. (Our normalization of ⇧ di�ers by a factor 2
from [11].) Our new results extend the analysis to non-
vanishing temperature.

Linear nucleon-meson model

We use an e�ective model for baryons ⌥a (a is an
isospin index with ⌥1 describing protons and ⌥2 neu-
trons), an isospin singlet vector meson �µ, a scalar meson
⇧ and pseudo-scalar mesons ⇤0 = ⇤3, ⇤± = 1⇤

2
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The Lagrangian (2) is invariant under the chiral symme-
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significantly from a pure thermal production model and
that the quantitative description of the measured yields
is rather poor. Nevertheless, recognizable thermal fea-
tures in e+e� collisions, where equilibration should be
absent, may be a consequence of the generic nature of
hadronization in strong interactions.

From a statistical hadronization analysis of all mea-
sured hadron yields at various beam energies the detailed
energy dependence of the thermal parameters T

CF

and
µ
B

has been determined [41, 51, 74, 79–82]. While µ
B

de-
creases smoothly with increasing energy, the dependence
of T

CF

on energy exhibits a striking feature which is il-
lustrated in Fig. 3: T

CF

increases with increasing energy
(decreasing µ

B

) from about 50 MeV to about 160 MeV,
where it exhibits a saturation for

p
sNN > 20 GeV. The

slight increase of this value compared to T
CF

= 156.5
MeV obtained at LHC energy is due to the inclusion of
points from data at RHIC energies, the details of this
small di↵erence are currently not fully understood.

The saturation of T
CF

observed in Fig. 3 lends sup-
port to the earlier proposal [48, 50, 83] that, at least
at high energies, the chemical freeze-out temperature is
very close to the QCD hadronization temperature [51],
implying a direct connection between data from relativis-
tic nuclear collisions and the QCD phase boundary. This
is in accord with the earlier prediction, already more than
50 years ago, by Hagedorn [84, 85] that hadronic mat-
ter cannot be heated beyond this limit. Whether there
is, at the lower energies, a critical end-point [86] in the
QCD phase diagram is currently at the focus of intense
theoretical [19] and experimental e↵ort [74].

To illustrate how well the thermal description of par-
ticle production in central nuclear collisions works we
show, in Fig. 4, the energy dependence (excitation func-
tion) of the relative abundance of several hadron species
along with the prediction using the statistical hadroniza-
tion approach and the smooth evolution of the param-
eters (see above). Because of the interplay between the
energy dependence of T

CF

and µ
B

there are character-
istic features in these excitation functions. In particu-
lar, maxima appear at slightly di↵erent c.m. energies in
the K+/⇡+ and ⇤/⇡+ ratios while corresponding anti-
particle ratios exhibit a smooth behavior [87].

In the statistical approach in Eq. 2 and in the Boltz-
mann approximation, the density n(µ

B

, T ) of hadrons
carrying baryon number B scales with the chemical po-
tential as n(µ

B

, T ) / exp(Bµ
B

/T ). Consequently, the
ratios p/⇡+ and d/p scale as exp(µ

B

/T ), whereas the
corresponding anti-particle ratios scale as exp(�µ

B

/T ).
From Fig. 3, it is apparent that µ

B

/T
CF

decreases with
collision energy, accounting for the basic features of par-
ticle ratios in the upper part of Fig. 4. On the other
hand, strangeness conservation unambigously connects,
for every T value, the strangeness- and baryo-chemical
potentials, µ

S

= µ
S

(µ
B

). As a consequence, the yields
of K+ and K� increase and, respectively, decrease with
µ
B

/T . At higher energies, where T and hence pion densi-
ties saturate, the ⇤/⇡+ and K+/⇡+ ratios are decreasing

with energy (see lower part of Fig. 3).

We further note that, for energies beyond that of the
LHC, the thermal parameter T

CF

is determined by the
QCD pseudo-critical temperature and the value of µ

B

vanishes. Combined with the energy dependence of over-
all particle production [88] in central Pb-Pb collisions
this implies that the statistical hadronization model pre-
diction of particle yields at any energy, including those
at the possible Future Circular Collider (FCC) [89] or in
ultra-high energy cosmic ray collisions [90], can be made
with an estimated precision of better than 15%.

Since the statistical hadronization analysis at each
measured energy yields a pair of (T

CF

,µ
B

) values, these
points can be used to construct a T vs. µ

B

diagram,
describing phenomenological constraints on the phase
boundary between hadronic matter and the QGP, see
Fig. 5. Note that the points at low temperature seem
to converge towards the value for ground state nuclear
matter (µ

B

= 931 MeV). As argued in [52] this limit is
not necessarily connected to a phase transition. While
the situation at low temperatures and collision energies
is complex and at present cannot be investigated with
first-principle calculations, the high temperature, high
collision energy limit allows a quantitative interpretation
in terms of fundamental QCD predictions.
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FIG. 5. Phenomenological phase diagram of strongly inter-
acting matter constructed from chemical freeze-out points
resulting from statistical hadronization analysis of hadron
yields for central collisions at di↵erent energies. The freeze-
out points extracted from experimental data sets in our own
analysis (squares) and other similar analyses [74, 79, 91, 92]
are compared to predictions from LQCD [30, 93] shown as a
band. The inverted triangle marks the value for ground state
nuclear matter (atomic nuclei).
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FIG. 1: Curve of constant baryon number nBaryons =
0.15 nnuclear in the Meson-Baryon model (solid black line).
The points with error-bars mark the chemical freeze-out as
obtained from the fits to experimentally measured particle
yields [3]. The red line marks the first order phase transition
to nuclear matter. The dashed and dashed-dotted lines indi-
cate an estimate for the range of applicability of our model.
More specific, in the region to the right of the dashed line the
relative contribution of pions to the pressure is smaller than
20%. In the region to the left of the dashed-dotted line the
baryon density nBaryons is smaller than 1.5 times the nuclear
saturation density nnuclear = 0.153/fm3. In this region no
signs of a phase transition are visible.
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FIG. 2: Number density of baryons as a function of the
temperature for µ = 750 MeV (solid line). Note that the
number of anti-baryons is negligible within the plot resolu-
tion. We also show the number of pions (dashed line). The
dot marks the experimental result for the chemical freeze-
out temperature Tch = 56+9.6

�2.0 MeV corresponding to µch =
760± 22.8MeV.

The computational task concerns then mainly the dif-
ference of the e�ective meson potential U(⇧;T, µ) �
U(⇧; 0, µc). This can be done by various methods – for
example one could employ functional renormalization by
adding nucleon degrees of freedom to the setting of ref.
[10]. For our limited purpose a very simple approach
will do. The potential di�erence is directly related to
di�erence of pressure for the parameters (⇧;T, µ) and
(⇧; 0, µc). This can be approximated by a free gas of
nucleons with ⇧-dependent mass. We can consider ⇧ as
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FIG. 3: Chiral order parameter as a function of the tempera-
ture for µ = 750 MeV. The dot marks the experimental result
for the chemical freeze-out temperature Tch = 56+9.6

�2.0 MeV
corresponding to µch = 760± 22.8MeV.

an additional parameter in thermodynamics. Its value
can be varied by varying the quark mass. If needed, me-
son fluctuations can be added in a similar way. We will
discuss the linear nucleon-meson model in the setting of
ref. [11]. (Our normalization of ⇧ di�ers by a factor 2
from [11].) Our new results extend the analysis to non-
vanishing temperature.

Linear nucleon-meson model

We use an e�ective model for baryons ⌥a (a is an
isospin index with ⌥1 describing protons and ⌥2 neu-
trons), an isospin singlet vector meson �µ, a scalar meson
⇧ and pseudo-scalar mesons ⇤0 = ⇤3, ⇤± = 1⇤

2
(⇤1± i⇤2).

It is convenient to combine the scalars and pseudo-scalars
in the field

⌃ab =

⇧
1⇤
2
(⇧ + i⇤0) i⇤�

i⇤+ 1⇤
2
(⇧ � i⇤0)

⌃
. (1)

The e�ective Lagrangian is of the form

L = ⌥̄a i�⇥( ⇥ � i g �⇥ � i µ ⇥0⇥) ⌥a

+
⇤
2h

⇤
⌥̄a

� 1+�5

2

⇥
⌃ab⌥b + ⌥̄a

� 1��5

2

⇥
(⌃†)ab⌥b

⌅

+ 1
2⌃

⇥
ab(� µ µ)⌃ab + Umic(⌅,⇧)

+
1

4
( µ�⇥ �  ⇥�µ)( 

µ�⇥ �  ⇥�µ) +
1

2
m2

⌅ �µ�
µ.

(2)

Here we use the chiral invariant scalar field combination
⌅ = 1

2⌃
⇥
ab⌃ab and Umic(⌅,⇧) is a microscopic form of the

e�ective potential

Umic(⌅,⇧) = Ū(⌅)�m2
⇤f⇤⇧. (3)

The Lagrangian (2) is invariant under the chiral symme-
try SU(2)V ⇥SU(2)A⇥U(1)V ⇥U(1)A where the nucleon
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FIG. 1: Curve of constant baryon number n
Baryons

=
0.15 n

nuclear

in the Meson-Baryon model (solid black line).
The points with error-bars mark the chemical freeze-out as
obtained from the fits to experimentally measured particle
yields [3]. The red line marks the first order phase transition
to nuclear matter. The dashed and dashed-dotted lines indi-
cate an estimate for the range of applicability of our model.
More specific, in the region to the right of the dashed line the
relative contribution of pions to the pressure is smaller than
20%. In the region to the left of the dashed-dotted line the
baryon density n

Baryons

is smaller than 1.5 times the nuclear
saturation density n

nuclear

= 0.153/fm3. In this region no
signs of a phase transition are visible.
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FIG. 2: Number density of baryons as a function of the
temperature for µ = 750 MeV (solid line). Note that the
number of anti-baryons is negligible within the plot resolu-
tion. We also show the number of pions (dashed line). The
dot marks the experimental result for the chemical freeze-
out temperature T

ch

= 56+9.6
�2.0 MeV corresponding to µ

ch

=
760± 22.8MeV.

rameter region the model can be mapped directly to the
nuclear droplet model.
The computational task concerns then mainly the dif-

ference of the e↵ective meson potential U(�;T, µ) �
U(�; 0, µc). This can be done by various methods – for
example one could employ functional renormalization by
adding nucleon degrees of freedom to the setting of ref.
[13]. For our limited purpose a very simple approach
will do. The potential di↵erence is directly related to
di↵erence of pressure for the parameters (�;T, µ) and
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FIG. 3: Chiral order parameter as a function of the tempera-
ture for µ = 750 MeV. The dot marks the experimental result
for the chemical freeze-out temperature T

ch

= 56+9.6
�2.0 MeV

corresponding to µ
ch

= 760± 22.8MeV.

(�; 0, µc). This can be approximated by a free gas of
nucleons with �-dependent mass. We can consider � as
an additional parameter in thermodynamics. Its value
can be varied by varying the quark mass. If needed, me-
son fluctuations can be added in a similar way. We will
discuss the linear nucleon-meson model in the setting of
ref. [14]. (Our normalization of � di↵ers by a factor 2
from [14].) Our new results extend the analysis to non-
vanishing temperature.

We consider our calculation as a reliable estimate of
the temperature and density dependence of thermody-
namic equilibrium quantities within the region of valid-
ity indicated in fig. 1. Input from observations is only
used for T = 0. An important ingredient is the depen-
dence of particle masses on the chiral order parameter
�. In turn, � depends on µ and T . This e↵ect goes be-
yond a resonance gas model with fixed vacuum masses
and permits to cover nuclear matter as well. Nearby the
gas-liquid phase transition line and its possible continu-
ation beyond the critical endpoint by a crossover line we
find that the �-dependence of particle masses is quan-
titatively important and crucial for an understanding of
the phase diagram and thermodynamic quantities. It is
an important finding of our paper , however, that this
e↵ect becomes small for the parameter region of the ex-
perimentally realized chemical freeze-out.

Linear nucleon-meson model

We use an e↵ective model for baryons  a (a is an
isospin index with  

1

describing protons and  
2

neu-
trons), an isospin singlet vector meson !µ, a scalar meson
� and pseudo-scalar mesons ⇡0 = ⇡

3

, ⇡± = 1p
2

(⇡
1

± i⇡
2

).

It is convenient to combine the scalars and pseudo-scalars

.
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0.6
<latexit sha1_base64="zFhUOTRDuSDjJ5bZBMjJMrqe4sQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVQ8Fbx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpR6PnA==</latexit><latexit sha1_base64="zFhUOTRDuSDjJ5bZBMjJMrqe4sQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVQ8Fbx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpR6PnA==</latexit><latexit sha1_base64="zFhUOTRDuSDjJ5bZBMjJMrqe4sQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVQ8Fbx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpR6PnA==</latexit><latexit sha1_base64="zFhUOTRDuSDjJ5bZBMjJMrqe4sQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVQ8Fbx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpR6PnA==</latexit>

0.7
<latexit sha1_base64="VX9Ct2EkNkeTur8qE7vkgPO15LU=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCBVPBS8eK9gPaUvJptk2NMkuyaxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5hIYdH3v7219Y3Nre3CTnF3b//gsHR03LRxahhvsFjGph1Sy6XQvIECJW8nhlMVSt4Kx7ezeuuJGyti/YCThPcUHWoRCUbRWY9ZN4yIX6lO+6WyX/HnIqsQ5FCGXPV+6as7iFmquEYmqbWdwE+wl1GDgkk+LXZTyxPKxnTIOw41Vdz2svnCU3LunAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBkVXQjB8smr0LysBI7vr8q1mzyOApzCGVxAAFWowR3UoQEMFDzDK7x5xnvx3r2PReual8+cwB95nz+mo4+d</latexit><latexit sha1_base64="VX9Ct2EkNkeTur8qE7vkgPO15LU=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCBVPBS8eK9gPaUvJptk2NMkuyaxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5hIYdH3v7219Y3Nre3CTnF3b//gsHR03LRxahhvsFjGph1Sy6XQvIECJW8nhlMVSt4Kx7ezeuuJGyti/YCThPcUHWoRCUbRWY9ZN4yIX6lO+6WyX/HnIqsQ5FCGXPV+6as7iFmquEYmqbWdwE+wl1GDgkk+LXZTyxPKxnTIOw41Vdz2svnCU3LunAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBkVXQjB8smr0LysBI7vr8q1mzyOApzCGVxAAFWowR3UoQEMFDzDK7x5xnvx3r2PReual8+cwB95nz+mo4+d</latexit><latexit sha1_base64="VX9Ct2EkNkeTur8qE7vkgPO15LU=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCBVPBS8eK9gPaUvJptk2NMkuyaxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5hIYdH3v7219Y3Nre3CTnF3b//gsHR03LRxahhvsFjGph1Sy6XQvIECJW8nhlMVSt4Kx7ezeuuJGyti/YCThPcUHWoRCUbRWY9ZN4yIX6lO+6WyX/HnIqsQ5FCGXPV+6as7iFmquEYmqbWdwE+wl1GDgkk+LXZTyxPKxnTIOw41Vdz2svnCU3LunAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBkVXQjB8smr0LysBI7vr8q1mzyOApzCGVxAAFWowR3UoQEMFDzDK7x5xnvx3r2PReual8+cwB95nz+mo4+d</latexit><latexit sha1_base64="VX9Ct2EkNkeTur8qE7vkgPO15LU=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCBVPBS8eK9gPaUvJptk2NMkuyaxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5hIYdH3v7219Y3Nre3CTnF3b//gsHR03LRxahhvsFjGph1Sy6XQvIECJW8nhlMVSt4Kx7ezeuuJGyti/YCThPcUHWoRCUbRWY9ZN4yIX6lO+6WyX/HnIqsQ5FCGXPV+6as7iFmquEYmqbWdwE+wl1GDgkk+LXZTyxPKxnTIOw41Vdz2svnCU3LunAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBkVXQjB8smr0LysBI7vr8q1mzyOApzCGVxAAFWowR3UoQEMFDzDK7x5xnvx3r2PReual8+cwB95nz+mo4+d</latexit>

0.8
<latexit sha1_base64="jcSpN9gblnGlb/o7NB+AL6aarco=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCBZPBS8eK9gPaUvJptk2NMkuyaxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5hIYdH3v7219Y3Nre3CTnF3b//gsHR03LRxahhvsFjGph1Sy6XQvIECJW8nhlMVSt4Kx7ezeuuJGyti/YCThPcUHWoRCUbRWY9ZN4yIX6lO+6WyX/HnIqsQ5FCGXPV+6as7iFmquEYmqbWdwE+wl1GDgkk+LXZTyxPKxnTIOw41Vdz2svnCU3LunAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMqr1M6CRFrtnioyiVBGMyu54MhOEM5cQBZUa4XQkbUUMZuoyKLoRg+eRVaF5WAsf3V+XaTR5HAU7hDC4ggGuowR3UoQEMFDzDK7x5xnvx3r2PReual8+cwB95nz+oKI+e</latexit><latexit sha1_base64="jcSpN9gblnGlb/o7NB+AL6aarco=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCBZPBS8eK9gPaUvJptk2NMkuyaxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5hIYdH3v7219Y3Nre3CTnF3b//gsHR03LRxahhvsFjGph1Sy6XQvIECJW8nhlMVSt4Kx7ezeuuJGyti/YCThPcUHWoRCUbRWY9ZN4yIX6lO+6WyX/HnIqsQ5FCGXPV+6as7iFmquEYmqbWdwE+wl1GDgkk+LXZTyxPKxnTIOw41Vdz2svnCU3LunAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMqr1M6CRFrtnioyiVBGMyu54MhOEM5cQBZUa4XQkbUUMZuoyKLoRg+eRVaF5WAsf3V+XaTR5HAU7hDC4ggGuowR3UoQEMFDzDK7x5xnvx3r2PReual8+cwB95nz+oKI+e</latexit><latexit sha1_base64="jcSpN9gblnGlb/o7NB+AL6aarco=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCBZPBS8eK9gPaUvJptk2NMkuyaxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5hIYdH3v7219Y3Nre3CTnF3b//gsHR03LRxahhvsFjGph1Sy6XQvIECJW8nhlMVSt4Kx7ezeuuJGyti/YCThPcUHWoRCUbRWY9ZN4yIX6lO+6WyX/HnIqsQ5FCGXPV+6as7iFmquEYmqbWdwE+wl1GDgkk+LXZTyxPKxnTIOw41Vdz2svnCU3LunAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMqr1M6CRFrtnioyiVBGMyu54MhOEM5cQBZUa4XQkbUUMZuoyKLoRg+eRVaF5WAsf3V+XaTR5HAU7hDC4ggGuowR3UoQEMFDzDK7x5xnvx3r2PReual8+cwB95nz+oKI+e</latexit><latexit sha1_base64="jcSpN9gblnGlb/o7NB+AL6aarco=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCBZPBS8eK9gPaUvJptk2NMkuyaxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5hIYdH3v7219Y3Nre3CTnF3b//gsHR03LRxahhvsFjGph1Sy6XQvIECJW8nhlMVSt4Kx7ezeuuJGyti/YCThPcUHWoRCUbRWY9ZN4yIX6lO+6WyX/HnIqsQ5FCGXPV+6as7iFmquEYmqbWdwE+wl1GDgkk+LXZTyxPKxnTIOw41Vdz2svnCU3LunAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMqr1M6CRFrtnioyiVBGMyu54MhOEM5cQBZUa4XQkbUUMZuoyKLoRg+eRVaF5WAsf3V+XaTR5HAU7hDC4ggGuowR3UoQEMFDzDK7x5xnvx3r2PReual8+cwB95nz+oKI+e</latexit>

0.9
<latexit sha1_base64="FvdhNUsk315qilJ/l45yPGym9jc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RfDjVPDisYKtlbaUbDrbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJ4Mb6/rdXWFldW98obpa2tnd298r7B00Tp5phg8Ui1q2QGhRcYcNyK7CVaKQyFPgQjm6m9Ycn1IbH6t6OE+xKOlA84oxaZz1mnTAifvVq0itX/Ko/E1mGIIcK5Kr3yl+dfsxSicoyQY1pB35iuxnVljOBk1InNZhQNqIDbDtUVKLpZrOFJ+TEOX0Sxdo9ZcnM/T2RUWnMWIauU1I7NIu1qflfrZ3a6LKbcZWkFhWbfxSlgtiYTK8nfa6RWTF2QJnmblfChlRTZl1GJRdCsHjyMjTPqoHju/NK7TqPowhHcAynEMAF1OAW6tAABhKe4RXePO29eO/ex7y14OUzh/BH3ucPqa2Pnw==</latexit><latexit sha1_base64="FvdhNUsk315qilJ/l45yPGym9jc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RfDjVPDisYKtlbaUbDrbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJ4Mb6/rdXWFldW98obpa2tnd298r7B00Tp5phg8Ui1q2QGhRcYcNyK7CVaKQyFPgQjm6m9Ycn1IbH6t6OE+xKOlA84oxaZz1mnTAifvVq0itX/Ko/E1mGIIcK5Kr3yl+dfsxSicoyQY1pB35iuxnVljOBk1InNZhQNqIDbDtUVKLpZrOFJ+TEOX0Sxdo9ZcnM/T2RUWnMWIauU1I7NIu1qflfrZ3a6LKbcZWkFhWbfxSlgtiYTK8nfa6RWTF2QJnmblfChlRTZl1GJRdCsHjyMjTPqoHju/NK7TqPowhHcAynEMAF1OAW6tAABhKe4RXePO29eO/ex7y14OUzh/BH3ucPqa2Pnw==</latexit><latexit sha1_base64="FvdhNUsk315qilJ/l45yPGym9jc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RfDjVPDisYKtlbaUbDrbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJ4Mb6/rdXWFldW98obpa2tnd298r7B00Tp5phg8Ui1q2QGhRcYcNyK7CVaKQyFPgQjm6m9Ycn1IbH6t6OE+xKOlA84oxaZz1mnTAifvVq0itX/Ko/E1mGIIcK5Kr3yl+dfsxSicoyQY1pB35iuxnVljOBk1InNZhQNqIDbDtUVKLpZrOFJ+TEOX0Sxdo9ZcnM/T2RUWnMWIauU1I7NIu1qflfrZ3a6LKbcZWkFhWbfxSlgtiYTK8nfa6RWTF2QJnmblfChlRTZl1GJRdCsHjyMjTPqoHju/NK7TqPowhHcAynEMAF1OAW6tAABhKe4RXePO29eO/ex7y14OUzh/BH3ucPqa2Pnw==</latexit><latexit sha1_base64="FvdhNUsk315qilJ/l45yPGym9jc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RfDjVPDisYKtlbaUbDrbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6QuDhnRky84aJ4Mb6/rdXWFldW98obpa2tnd298r7B00Tp5phg8Ui1q2QGhRcYcNyK7CVaKQyFPgQjm6m9Ycn1IbH6t6OE+xKOlA84oxaZz1mnTAifvVq0itX/Ko/E1mGIIcK5Kr3yl+dfsxSicoyQY1pB35iuxnVljOBk1InNZhQNqIDbDtUVKLpZrOFJ+TEOX0Sxdo9ZcnM/T2RUWnMWIauU1I7NIu1qflfrZ3a6LKbcZWkFhWbfxSlgtiYTK8nfa6RWTF2QJnmblfChlRTZl1GJRdCsHjyMjTPqoHju/NK7TqPowhHcAynEMAF1OAW6tAABhKe4RXePO29eO/ex7y14OUzh/BH3ucPqa2Pnw==</latexit>

1.0
<latexit sha1_base64="S+EIUYtBztz+sznwIgPopuCmFjE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVA8Fbx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+dh4+X</latexit><latexit sha1_base64="S+EIUYtBztz+sznwIgPopuCmFjE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVA8Fbx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+dh4+X</latexit><latexit sha1_base64="S+EIUYtBztz+sznwIgPopuCmFjE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVA8Fbx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+dh4+X</latexit><latexit sha1_base64="S+EIUYtBztz+sznwIgPopuCmFjE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVA8Fbx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+dh4+X</latexit>

µB [GeV]
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significantly from a pure thermal production model and
that the quantitative description of the measured yields
is rather poor. Nevertheless, recognizable thermal fea-
tures in e+e� collisions, where equilibration should be
absent, may be a consequence of the generic nature of
hadronization in strong interactions.
From a statistical hadronization analysis of all mea-

sured hadron yields at various beam energies the detailed
energy dependence of the thermal parameters T

CF

and
µ
B

has been determined [41, 51, 74, 79–82]. While µ
B

de-
creases smoothly with increasing energy, the dependence
of T

CF

on energy exhibits a striking feature which is il-
lustrated in Fig. 3: T

CF

increases with increasing energy
(decreasing µ

B

) from about 50 MeV to about 160 MeV,
where it exhibits a saturation for

p
sNN > 20 GeV. The

slight increase of this value compared to T
CF

= 156.5
MeV obtained at LHC energy is due to the inclusion of
points from data at RHIC energies, the details of this
small di↵erence are currently not fully understood.
The saturation of T

CF

observed in Fig. 3 lends sup-
port to the earlier proposal [48, 50, 83] that, at least
at high energies, the chemical freeze-out temperature is
very close to the QCD hadronization temperature [51],
implying a direct connection between data from relativis-
tic nuclear collisions and the QCD phase boundary. This
is in accord with the earlier prediction, already more than
50 years ago, by Hagedorn [84, 85] that hadronic mat-
ter cannot be heated beyond this limit. Whether there
is, at the lower energies, a critical end-point [86] in the
QCD phase diagram is currently at the focus of intense
theoretical [19] and experimental e↵ort [74].
To illustrate how well the thermal description of par-

ticle production in central nuclear collisions works we
show, in Fig. 4, the energy dependence (excitation func-
tion) of the relative abundance of several hadron species
along with the prediction using the statistical hadroniza-
tion approach and the smooth evolution of the param-
eters (see above). Because of the interplay between the
energy dependence of T

CF

and µ
B

there are character-
istic features in these excitation functions. In particu-
lar, maxima appear at slightly di↵erent c.m. energies in
the K+/⇡+ and ⇤/⇡+ ratios while corresponding anti-
particle ratios exhibit a smooth behavior [87].
In the statistical approach in Eq. 2 and in the Boltz-

mann approximation, the density n(µ
B

, T ) of hadrons
carrying baryon number B scales with the chemical po-
tential as n(µ

B

, T ) / exp(Bµ
B

/T ). Consequently, the
ratios p/⇡+ and d/p scale as exp(µ

B

/T ), whereas the
corresponding anti-particle ratios scale as exp(�µ

B

/T ).
From Fig. 3, it is apparent that µ

B

/T
CF

decreases with
collision energy, accounting for the basic features of par-
ticle ratios in the upper part of Fig. 4. On the other
hand, strangeness conservation unambigously connects,
for every T value, the strangeness- and baryo-chemical
potentials, µ

S

= µ
S

(µ
B

). As a consequence, the yields
of K+ and K� increase and, respectively, decrease with
µ
B

/T . At higher energies, where T and hence pion densi-
ties saturate, the ⇤/⇡+ and K+/⇡+ ratios are decreasing

with energy (see lower part of Fig. 3).

We further note that, for energies beyond that of the
LHC, the thermal parameter T

CF

is determined by the
QCD pseudo-critical temperature and the value of µ

B

vanishes. Combined with the energy dependence of over-
all particle production [88] in central Pb-Pb collisions
this implies that the statistical hadronization model pre-
diction of particle yields at any energy, including those
at the possible Future Circular Collider (FCC) [89] or in
ultra-high energy cosmic ray collisions [90], can be made
with an estimated precision of better than 15%.

Since the statistical hadronization analysis at each
measured energy yields a pair of (T

CF

,µ
B

) values, these
points can be used to construct a T vs. µ

B

diagram,
describing phenomenological constraints on the phase
boundary between hadronic matter and the QGP, see
Fig. 5. Note that the points at low temperature seem
to converge towards the value for ground state nuclear
matter (µ

B

= 931 MeV). As argued in [52] this limit is
not necessarily connected to a phase transition. While
the situation at low temperatures and collision energies
is complex and at present cannot be investigated with
first-principle calculations, the high temperature, high
collision energy limit allows a quantitative interpretation
in terms of fundamental QCD predictions.
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FIG. 5. Phenomenological phase diagram of strongly inter-
acting matter constructed from chemical freeze-out points
resulting from statistical hadronization analysis of hadron
yields for central collisions at di↵erent energies. The freeze-
out points extracted from experimental data sets in our own
analysis (squares) and other similar analyses [74, 79, 91, 92]
are compared to predictions from LQCD [30, 93] shown as a
band. The inverted triangle marks the value for ground state
nuclear matter (atomic nuclei).
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FIG. 1: Curve of constant baryon number nBaryons =
0.15 nnuclear in the Meson-Baryon model (solid black line).
The points with error-bars mark the chemical freeze-out as
obtained from the fits to experimentally measured particle
yields [3]. The red line marks the first order phase transition
to nuclear matter. The dashed and dashed-dotted lines indi-
cate an estimate for the range of applicability of our model.
More specific, in the region to the right of the dashed line the
relative contribution of pions to the pressure is smaller than
20%. In the region to the left of the dashed-dotted line the
baryon density nBaryons is smaller than 1.5 times the nuclear
saturation density nnuclear = 0.153/fm3. In this region no
signs of a phase transition are visible.

0 20 40 60 80 100
T �MeV⇥0.00

0.05

0.10

0.15

0.20
Number density �fm�3⇥

FIG. 2: Number density of baryons as a function of the
temperature for µ = 750 MeV (solid line). Note that the
number of anti-baryons is negligible within the plot resolu-
tion. We also show the number of pions (dashed line). The
dot marks the experimental result for the chemical freeze-
out temperature Tch = 56+9.6

�2.0 MeV corresponding to µch =
760± 22.8MeV.

The computational task concerns then mainly the dif-
ference of the e�ective meson potential U(⇧;T, µ) �
U(⇧; 0, µc). This can be done by various methods – for
example one could employ functional renormalization by
adding nucleon degrees of freedom to the setting of ref.
[10]. For our limited purpose a very simple approach
will do. The potential di�erence is directly related to
di�erence of pressure for the parameters (⇧;T, µ) and
(⇧; 0, µc). This can be approximated by a free gas of
nucleons with ⇧-dependent mass. We can consider ⇧ as
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FIG. 3: Chiral order parameter as a function of the tempera-
ture for µ = 750 MeV. The dot marks the experimental result
for the chemical freeze-out temperature Tch = 56+9.6

�2.0 MeV
corresponding to µch = 760± 22.8MeV.

an additional parameter in thermodynamics. Its value
can be varied by varying the quark mass. If needed, me-
son fluctuations can be added in a similar way. We will
discuss the linear nucleon-meson model in the setting of
ref. [11]. (Our normalization of ⇧ di�ers by a factor 2
from [11].) Our new results extend the analysis to non-
vanishing temperature.

Linear nucleon-meson model

We use an e�ective model for baryons ⌥a (a is an
isospin index with ⌥1 describing protons and ⌥2 neu-
trons), an isospin singlet vector meson �µ, a scalar meson
⇧ and pseudo-scalar mesons ⇤0 = ⇤3, ⇤± = 1⇤

2
(⇤1± i⇤2).

It is convenient to combine the scalars and pseudo-scalars
in the field

⌃ab =

⇧
1⇤
2
(⇧ + i⇤0) i⇤�

i⇤+ 1⇤
2
(⇧ � i⇤0)

⌃
. (1)

The e�ective Lagrangian is of the form

L = ⌥̄a i�⇥( ⇥ � i g �⇥ � i µ ⇥0⇥) ⌥a

+
⇤
2h

⇤
⌥̄a

� 1+�5

2

⇥
⌃ab⌥b + ⌥̄a

� 1��5

2

⇥
(⌃†)ab⌥b

⌅

+ 1
2⌃

⇥
ab(� µ µ)⌃ab + Umic(⌅,⇧)

+
1

4
( µ�⇥ �  ⇥�µ)( 

µ�⇥ �  ⇥�µ) +
1

2
m2

⌅ �µ�
µ.

(2)

Here we use the chiral invariant scalar field combination
⌅ = 1

2⌃
⇥
ab⌃ab and Umic(⌅,⇧) is a microscopic form of the

e�ective potential

Umic(⌅,⇧) = Ū(⌅)�m2
⇤f⇤⇧. (3)

The Lagrangian (2) is invariant under the chiral symme-
try SU(2)V ⇥SU(2)A⇥U(1)V ⇥U(1)A where the nucleon

.
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CHAPTER 7. QCD ON THE LATTICE (LQCD)

7. 1. Field theories on a lattice

• Lagrangian L(�, ⇤µ�); Fields �(x), xµ = (x0, �x ) = (t, �x ).

�(x) stands generically for quark or gluon fields.

• Green’s function (n-point function):

G(n)(x1, · · · , xn) = N �0|T [�(x1) · · ·�(xn)]|0� (7.1)

• Action functional:

S[�] =

⇥
d4xL (�(x), ⇤µ�(x)) (7.2)

• Path integrals:

G(n)(x1, · · · , xn) =

�
D� �(x1) · · ·�(xn) eiS[�]

�
D� eiS[�]

(7.3)

• Goal of field theory on a lattice: perform path integrals for G(n) on a discretized

Euclidean space-time lattice numerically.

• Field theories involve renormalization and ultraviolet regularizations.

� Regularization automatically “built-in” in lattice field theory.

• Continuum limit (a ⇧ 0).

• Infrared (“long wavelength”) cuto⇥ ⌃ finite volume V .

• Minkowski space NOT appropriate (eiS complex and potentially rapidly oscillating).

� Euclidean space: t ⌅ x0 ⇧ �ix4 ⌅ �i� (� : Euclidean time)
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LQCD = ψ̄ (iγµD
µ
− m) ψ −

1

4
GµνG

µν

     QCD  THERMODYNAMICS 

Large-scale computer simulations on
EUCLIDEAN SPACE-TIME  Lattices

Non-perturbative “condensed matter physics” of  QCD

τ = 1/T

=̂Euclidean time

quarks on lattice sites
gluon fields  on links

Partition function

Z =

∫
[dU dψ dψ̄] e

−SG(U)−Sq(ψ,ψ̄,U)
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continuum extrapolation of the pressure at T � 214 MeV with (blue) and without (orange) tree level
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sound.
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Figure 5. Spline fits to the trace anomaly for several values of the lattice spacing aT = 1/N� and the result of our continuum
extrapolation (left). Note that the error bands shown here do not include the 2% scale error. The right hand panel shows
suitably normalized pressure, energy density, and entropy density as a function of the temperature. In this case the 2% scale
error is included in the error bands. The dark lines show the prediction of the HRG model. The horizontal line at 95�2/60
in the right panel corresponds to the ideal gas limit for the energy density and the vertical band marks the crossover region,
Tc = (154± 9) MeV.

find that the N⇥ = 6 data lie outside the range of applica-
bility of the quadratic ansatz. The same error bands are
compared with the final continuum extrapolated result
(black band) in Fig. 5.

Having determined the final fit, we obtained the pres-
sure p/T 4 by numerically integrating the bootstrap sam-
ples for �µµ(T ) between 130 MeV and 400 MeV using
Eq. (12). For the integration constant p0, the pressure
at T = 130 MeV, we picked a value from a normal dis-
tribution with the mean value p0/T 4

0 = 0.4391, again
taken from the HRG model, and width 0.0439, a con-
servative 10% error estimate on this HRG value. Since
the estimate of p0/T 4

0 is independent of the calculation
of �µµ(T ), this choice e⇥ectively adds a �p0 in quadra-
ture to the errors from integrating �µµ(T )/T 4. Knowing
�µµ(T )/T 4 ⇤ (⇥�3p)/T 4 and p/T 4, it is straightforward
to derive the energy density, ⇥, and the entropy density
s = (⇥+ p)/T .
The final systematic error that is folded into the esti-

mates of all the thermodynamic quantities is the uncer-
tainty in the determination of the lattice scale a, and thus
the values of the temperature T used in the fits. Based
on the uncertainty analyses in the determination of the
lattice scale a (⇧ 1.3%) and tuning of the ms to stay on
the LCP presented in Appendices B and C, we assigned
an overall conservative 2% uncertainty in T , which we
add linearly to the error estimates already assigned by
the bootstrap process. In practice, at each T and for
each observable, we picked the minimum and maximum
values of the 1⇤ bootstrap envelope in the region T ±2%.
This new envelope is then used as the final uncertainty
band for all the continuum results shown in the figures
and discussed below.

Our continuum extrapolated results for the trace
anomaly and other thermodynamic observables are

shown in Fig. 5 and the data are given in Table I. For
T < 150 MeV, the trace anomaly is well approximated
by the HRG estimate shown by the solid line in Fig. 5
(left). For T > 150 MeV, the N⇥ ⌅ 8 lattice results are
systematically higher than the HRG estimate as shown
in Fig. 3, and the slopes of the HRG and continuum ex-
trapolated curves start to di⇥er as shown in Fig. 5. In
the peak region, (⇥ � 3p)/T 4 has a maximum of about
4.05(15) at T ⇧ 204 MeV. This maximal value from simu-
lations with the HISQ/tree action is significantly smaller
than our previous results with the p4 and asqtad actions
which were incorporated in the HotQCD parametrization
[23] of the EoS, as well as in the s95p parametrization of
the EoS that is frequently used in hydrodynamic models
[42].

The final continuum extrapolated estimates of the
pressure, energy density and entropy density are shown
in Fig. 5 (right) and compared with HRG predictions for
T < 170 MeV. Again, there is reasonable agreement for
T < 150 MeV. Above T = 150 MeV, HRG estimates
lie along the lower edge of the error-band of the lattice
estimates.

We can now compare our results with the results ob-
tained by the Wuppertal-Budapest Collaboration using
the stout action [26]. This comparison is shown in Fig.
6 for the trace anomaly, the pressure and the entropy
density. We find good agreement in the trace anomaly
with the stout results over the full temperature range
(130 � 400) MeV. Note, however, that above the peak
the central values with the stout action lie systemati-
cally below ours. As a result, our estimates of the pres-
sure become systematically larger for T > 200 MeV.
By T = 400 MeV, the di⇥erence between the central
values in the two calculations increases to about 6%.
The two results, however, still agree within errors. The

Entropy 
Density

µB = 0

Tc '
154± 9 MeV

<latexit sha1_base64="qCq0ZXXJ865G5fkF7J2avZO5v28=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcFUSqXhZFdy4ESrYCzShTKaTduhkEmYmYgnxUdy4UMStL+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLK6tr6RnGztLW9s7tX3q+0VZRIQlsk4pHs+lhRzgRtaaY57caS4tDntOOPr6f1zgOVikXiXk9i6oV4KFjACNbG6pcrqesHyDmru3GILp9uaTvrl6t2zZ4JLYOTQxVyNfvlL3cQkSSkQhOOleo5dqy9FEvNCKdZyU0UjTEZ4yHtGRQ4pMpLZ7dn6Ng4AxRE0jyh0cz9PZHiUKlJ6JvOEOuRWqxNzf9qvUQHF17KRJxoKsh8UZBwpCM0DQINmKRE84kBTCQztyIywhITbeIqmRCcxS8vQ/u05hi+q1cbV3kcRTiEIzgBB86hATfQhBYQeIRneIU3K7NerHfrY95asPKZA/gj6/MHSLCTRQ==</latexit><latexit sha1_base64="qCq0ZXXJ865G5fkF7J2avZO5v28=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcFUSqXhZFdy4ESrYCzShTKaTduhkEmYmYgnxUdy4UMStL+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLK6tr6RnGztLW9s7tX3q+0VZRIQlsk4pHs+lhRzgRtaaY57caS4tDntOOPr6f1zgOVikXiXk9i6oV4KFjACNbG6pcrqesHyDmru3GILp9uaTvrl6t2zZ4JLYOTQxVyNfvlL3cQkSSkQhOOleo5dqy9FEvNCKdZyU0UjTEZ4yHtGRQ4pMpLZ7dn6Ng4AxRE0jyh0cz9PZHiUKlJ6JvOEOuRWqxNzf9qvUQHF17KRJxoKsh8UZBwpCM0DQINmKRE84kBTCQztyIywhITbeIqmRCcxS8vQ/u05hi+q1cbV3kcRTiEIzgBB86hATfQhBYQeIRneIU3K7NerHfrY95asPKZA/gj6/MHSLCTRQ==</latexit><latexit sha1_base64="qCq0ZXXJ865G5fkF7J2avZO5v28=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcFUSqXhZFdy4ESrYCzShTKaTduhkEmYmYgnxUdy4UMStL+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLK6tr6RnGztLW9s7tX3q+0VZRIQlsk4pHs+lhRzgRtaaY57caS4tDntOOPr6f1zgOVikXiXk9i6oV4KFjACNbG6pcrqesHyDmru3GILp9uaTvrl6t2zZ4JLYOTQxVyNfvlL3cQkSSkQhOOleo5dqy9FEvNCKdZyU0UjTEZ4yHtGRQ4pMpLZ7dn6Ng4AxRE0jyh0cz9PZHiUKlJ6JvOEOuRWqxNzf9qvUQHF17KRJxoKsh8UZBwpCM0DQINmKRE84kBTCQztyIywhITbeIqmRCcxS8vQ/u05hi+q1cbV3kcRTiEIzgBB86hATfQhBYQeIRneIU3K7NerHfrY95asPKZA/gj6/MHSLCTRQ==</latexit><latexit sha1_base64="qCq0ZXXJ865G5fkF7J2avZO5v28=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcFUSqXhZFdy4ESrYCzShTKaTduhkEmYmYgnxUdy4UMStL+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLK6tr6RnGztLW9s7tX3q+0VZRIQlsk4pHs+lhRzgRtaaY57caS4tDntOOPr6f1zgOVikXiXk9i6oV4KFjACNbG6pcrqesHyDmru3GILp9uaTvrl6t2zZ4JLYOTQxVyNfvlL3cQkSSkQhOOleo5dqy9FEvNCKdZyU0UjTEZ4yHtGRQ4pMpLZ7dn6Ng4AxRE0jyh0cz9PZHiUKlJ6JvOEOuRWqxNzf9qvUQHF17KRJxoKsh8UZBwpCM0DQINmKRE84kBTCQztyIywhITbeIqmRCcxS8vQ/u05hi+q1cbV3kcRTiEIzgBB86hATfQhBYQeIRneIU3K7NerHfrY95asPKZA/gj6/MHSLCTRQ==</latexit>



Strategies  PART III:  Astrophysical Observations    

Constraints on Equation of State of baryonic matter 
at HIGH DENSITY and LOW TEMPERATURE

neutron
matter

quark
 matter ?

     from   Supernovae           to           Neutron Stars 
… and neutron star merger GW’s  (LIGO & Virgo)
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ABSTRACT

In recent years, there have been several successful attempts to constrain the equation of state
of neutron star matter using input from low-energy nuclear physics and observational data. We
demonstrate that significant further restrictions can be placed by additionally requiring the pressure
to approach that of deconfined quark matter at high densities. Remarkably, the new constraints turn
out to be highly insensitive to the amount — or even presence — of quark matter inside the stars.
Subject headings: equation of state — dense matter — stars: neutron

1. INTRODUCTION

The equation of state (EoS) of cold and dense strongly
interacting matter, which determines the inner structure
of compact stars (Glendenning 1997), is encoded in its
fundamental theory, Quantum Chromodynamics (QCD).
A full nonperturbative determination of the pressure of
the theory is still out of reach due to the so-called Sign
Problem of lattice QCD (de Forcrand 2010). Neverthe-
less, the methods of chiral effective field theory (EFT)
of nuclear forces (Epelbaum et al 2009) and high-density
perturbative QCD (pQCD) (Kraemmer & Rebhan 2004)
have matured enough to provide reliable predictions for
the EoS in the limits of low density nuclear matter and
dense quark matter, respectively. In particular, by now
both approaches produce results with reliable error es-
timates, implying that it is finally possible to quanti-
tatively estimate our understanding of the neutron star
matter EoS.
During the past couple of years, several articles have

addressed the determination of the neutron star EoS
by combining insights from low-energy chiral EFT with
the requirement that the resulting EoSs support the
most massive stars observed (see e.g. Hebeler et al.
(2013)). In particular, the discovery of neutron stars with
masses around two solar masses (Demorest et al. 2010;
Antoniadis et al. 2013) has recently been seen to lead
to strong constraints on the properties of stellar matter
(Lattimer 2012). While otherwise impressive, these anal-
yses have solely concentrated on the low density regime,
and have typically applied no microphysical constraints
beyond the nuclear saturation density n0. This has re-
sulted in EoSs that behave very differently from that of
deconfined quark matter even at rather high energy den-
sities.
In the present work, our aim is to demonstrate that

the EoS of neutron star matter can be significantly fur-
ther constrained by requiring it to approach the quark
matter one at high density. To do this, we use the state-
of-the-art result of Fraga et al. (2014), where a compact
expression for the three-loop pressure of unpaired quark
matter, taking into account the nonzero value of the
strange quark mass, was derived (see also Kurkela et al.
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Fig. 1.— Known limits of the stellar EoS on a logarithmic scale.
On the horizontal axis we have the quark chemical potential (with
an offset so that the variable acquires the value 0 for pressureless
nuclear matter), and on the vertical axis the pressure. The band
in the region around the question mark corresponds to the inter-
polating polytropic EoS that will be introduced in this work.

(2010a) and Kurkela et al. (2010b) for details of the origi-
nal pQCD calculation). A particularly powerful outcome
of the analysis is that the high density constraint signifi-
cantly reduces the uncertainty band of the stellar matter
EoS even at low densities, well below a possible phase
transition to deconfined quark matter. This implies that
the M -R relations we obtain are more restrictive than
previous ones even for pure neutron stars.
In practice, our calculation proceeds as follows (see

also fig. 1): at densities below 1.1n0, we employ the chi-
ral EFT EoS of Tews et al. (2013), assuming the true
result to lie within the error band given in this reference.
At baryon chemical potentials above 2.6 GeV, where the
relative uncertainty of the quark matter EoS is as large
as the nuclear matter one at n = 1.1n0, we on the other
hand use the result of Fraga et al. (2014) and its re-
spective error estimate. Between these two regions, we
assume that the EoS is well approximated by an interpo-
lating polytrope built from two “monotropes” of the form
P (n)=κnΓ. These functions are first matched together
in a smooth way, but later we also consider the scenario
of a first-order phase transition, allowing the density to
jump at the matching point of the two monotropes.

NEUTRON STARS and beyond
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QCD Symmetries,
Symmetry Breaking Patterns

and Scales
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Figure 2: The allowed region (shown in white)
for up quark and down quark masses. This re-
gion was determined in part from papers report-
ing values for mu and md (data points shown)
and in part from analysis of the allowed ranges
of other mass parameters (see Fig. 3). The pa-
rameter (mu + md)/2 yields the two downward-
sloping lines, while mu/md yields the two rising
lines originating at (0,0).
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Figure 3. The values of each quark mass parameter taken from
the Data Listings. The points are in chronological order with
the more recent measurements at the top. Points from papers
reporting no error bars are colored grey. The shaded regions
indicate values excluded by our evaluations; some regions were
determined in part through examination of Fig. 2.
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Hierarchy  of  QUARK MASSES  in  QCD

“light”  quarks
“heavy”  quarks

- Separation of Scales -

Chiral Symmetry
spontaneously broken at low energy 
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CHIRAL EFFECTIVE 
FIELD THEORY

of pions & nucleons

PHYSIK
DEPARTMENT

(µ ≃ 2 GeV)

mu = 2.2± 0.5 MeV

md = 4.7± 0.5 MeV

PDG 2018

ms = 95+9
�3 MeV

<latexit sha1_base64="Wl5Mcl4Xl8q7ztm7MnISDPo1Cj8=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEMSSeEG7EIpu3AgV7AXaGCbTSTt0JgkzE6GEuHDjq7hxoYhb38Gdb+O0zUJbfxj4+M85nDm/FzEqlWV9G7mZ2bn5hfxiYWl5ZXXNXN+oyzAWmNRwyELR9JAkjAakpqhipBkJgrjHSMPrXw7rjXsiJA2DWzWIiMNRN6A+xUhpyzW3k7bnQ+5KeA7LJ3fJfjl1k4Oj9OGa1FPXLFolayQ4DXYGRZCp6ppf7U6IY04ChRmSsmVbkXISJBTFjKSFdixJhHAfdUlLY4A4kU4yuiKFu9rpQD8U+gUKjtzfEwniUg64pzs5Uj05WRua/9VasfLPnIQGUaxIgMeL/JhBFcJhJLBDBcGKDTQgLKj+K8Q9JBBWOriCDsGePHka6oclW/PNcbFykcWRB1tgB+wBG5yCCrgCVVADGDyCZ/AK3own48V4Nz7GrTkjm9kEf2R8/gA9M5cg</latexit><latexit sha1_base64="Wl5Mcl4Xl8q7ztm7MnISDPo1Cj8=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEMSSeEG7EIpu3AgV7AXaGCbTSTt0JgkzE6GEuHDjq7hxoYhb38Gdb+O0zUJbfxj4+M85nDm/FzEqlWV9G7mZ2bn5hfxiYWl5ZXXNXN+oyzAWmNRwyELR9JAkjAakpqhipBkJgrjHSMPrXw7rjXsiJA2DWzWIiMNRN6A+xUhpyzW3k7bnQ+5KeA7LJ3fJfjl1k4Oj9OGa1FPXLFolayQ4DXYGRZCp6ppf7U6IY04ChRmSsmVbkXISJBTFjKSFdixJhHAfdUlLY4A4kU4yuiKFu9rpQD8U+gUKjtzfEwniUg64pzs5Uj05WRua/9VasfLPnIQGUaxIgMeL/JhBFcJhJLBDBcGKDTQgLKj+K8Q9JBBWOriCDsGePHka6oclW/PNcbFykcWRB1tgB+wBG5yCCrgCVVADGDyCZ/AK3own48V4Nz7GrTkjm9kEf2R8/gA9M5cg</latexit><latexit sha1_base64="Wl5Mcl4Xl8q7ztm7MnISDPo1Cj8=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEMSSeEG7EIpu3AgV7AXaGCbTSTt0JgkzE6GEuHDjq7hxoYhb38Gdb+O0zUJbfxj4+M85nDm/FzEqlWV9G7mZ2bn5hfxiYWl5ZXXNXN+oyzAWmNRwyELR9JAkjAakpqhipBkJgrjHSMPrXw7rjXsiJA2DWzWIiMNRN6A+xUhpyzW3k7bnQ+5KeA7LJ3fJfjl1k4Oj9OGa1FPXLFolayQ4DXYGRZCp6ppf7U6IY04ChRmSsmVbkXISJBTFjKSFdixJhHAfdUlLY4A4kU4yuiKFu9rpQD8U+gUKjtzfEwniUg64pzs5Uj05WRua/9VasfLPnIQGUaxIgMeL/JhBFcJhJLBDBcGKDTQgLKj+K8Q9JBBWOriCDsGePHka6oclW/PNcbFykcWRB1tgB+wBG5yCCrgCVVADGDyCZ/AK3own48V4Nz7GrTkjm9kEf2R8/gA9M5cg</latexit><latexit sha1_base64="Wl5Mcl4Xl8q7ztm7MnISDPo1Cj8=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFEMSSeEG7EIpu3AgV7AXaGCbTSTt0JgkzE6GEuHDjq7hxoYhb38Gdb+O0zUJbfxj4+M85nDm/FzEqlWV9G7mZ2bn5hfxiYWl5ZXXNXN+oyzAWmNRwyELR9JAkjAakpqhipBkJgrjHSMPrXw7rjXsiJA2DWzWIiMNRN6A+xUhpyzW3k7bnQ+5KeA7LJ3fJfjl1k4Oj9OGa1FPXLFolayQ4DXYGRZCp6ppf7U6IY04ChRmSsmVbkXISJBTFjKSFdixJhHAfdUlLY4A4kU4yuiKFu9rpQD8U+gUKjtzfEwniUg64pzs5Uj05WRua/9VasfLPnIQGUaxIgMeL/JhBFcJhJLBDBcGKDTQgLKj+K8Q9JBBWOriCDsGePHka6oclW/PNcbFykcWRB1tgB+wBG5yCCrgCVVADGDyCZ/AK3own48V4Nz7GrTkjm9kEf2R8/gA9M5cg</latexit>

Idealised QCD 
mu,d ! 0

<latexit sha1_base64="nnhMGSgWevAw/kuSpgwk47x8TRw=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcCElEUGXRTcuK9gLNCFMJpN26GQmzEyUEgJufBU3LhRx60u4822ctllo6w8DH/85hzPnD1NGlXacb6uytLyyulZdr21sbm3v2Lt7HSUyiUkbCyZkL0SKMMpJW1PNSC+VBCUhI91wdD2pd++JVFTwOz1OiZ+gAacxxUgbK7APci+MYRLk2WlUeJIOhhpJKR6gUwR23Wk4U8FFcEuog1KtwP7yIoGzhHCNGVKq7zqp9nMkNcWMFDUvUyRFeIQGpG+Qo4QoP5/eUMBj40QwFtI8ruHU/T2Ro0SpcRKazgTpoZqvTcz/av1Mx5d+TnmaacLxbFGcMagFnAQCIyoJ1mxsAGFJzV8hHiKJsDax1UwI7vzJi9A5a7iGb8/rzasyjio4BEfgBLjgAjTBDWiBNsDgETyDV/BmPVkv1rv1MWutWOXMPvgj6/MH4zyXqQ==</latexit><latexit sha1_base64="nnhMGSgWevAw/kuSpgwk47x8TRw=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcCElEUGXRTcuK9gLNCFMJpN26GQmzEyUEgJufBU3LhRx60u4822ctllo6w8DH/85hzPnD1NGlXacb6uytLyyulZdr21sbm3v2Lt7HSUyiUkbCyZkL0SKMMpJW1PNSC+VBCUhI91wdD2pd++JVFTwOz1OiZ+gAacxxUgbK7APci+MYRLk2WlUeJIOhhpJKR6gUwR23Wk4U8FFcEuog1KtwP7yIoGzhHCNGVKq7zqp9nMkNcWMFDUvUyRFeIQGpG+Qo4QoP5/eUMBj40QwFtI8ruHU/T2Ro0SpcRKazgTpoZqvTcz/av1Mx5d+TnmaacLxbFGcMagFnAQCIyoJ1mxsAGFJzV8hHiKJsDax1UwI7vzJi9A5a7iGb8/rzasyjio4BEfgBLjgAjTBDWiBNsDgETyDV/BmPVkv1rv1MWutWOXMPvgj6/MH4zyXqQ==</latexit><latexit sha1_base64="nnhMGSgWevAw/kuSpgwk47x8TRw=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcCElEUGXRTcuK9gLNCFMJpN26GQmzEyUEgJufBU3LhRx60u4822ctllo6w8DH/85hzPnD1NGlXacb6uytLyyulZdr21sbm3v2Lt7HSUyiUkbCyZkL0SKMMpJW1PNSC+VBCUhI91wdD2pd++JVFTwOz1OiZ+gAacxxUgbK7APci+MYRLk2WlUeJIOhhpJKR6gUwR23Wk4U8FFcEuog1KtwP7yIoGzhHCNGVKq7zqp9nMkNcWMFDUvUyRFeIQGpG+Qo4QoP5/eUMBj40QwFtI8ruHU/T2Ro0SpcRKazgTpoZqvTcz/av1Mx5d+TnmaacLxbFGcMagFnAQCIyoJ1mxsAGFJzV8hHiKJsDax1UwI7vzJi9A5a7iGb8/rzasyjio4BEfgBLjgAjTBDWiBNsDgETyDV/BmPVkv1rv1MWutWOXMPvgj6/MH4zyXqQ==</latexit><latexit sha1_base64="nnhMGSgWevAw/kuSpgwk47x8TRw=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcCElEUGXRTcuK9gLNCFMJpN26GQmzEyUEgJufBU3LhRx60u4822ctllo6w8DH/85hzPnD1NGlXacb6uytLyyulZdr21sbm3v2Lt7HSUyiUkbCyZkL0SKMMpJW1PNSC+VBCUhI91wdD2pd++JVFTwOz1OiZ+gAacxxUgbK7APci+MYRLk2WlUeJIOhhpJKR6gUwR23Wk4U8FFcEuog1KtwP7yIoGzhHCNGVKq7zqp9nMkNcWMFDUvUyRFeIQGpG+Qo4QoP5/eUMBj40QwFtI8ruHU/T2Ro0SpcRKazgTpoZqvTcz/av1Mx5d+TnmaacLxbFGcMagFnAQCIyoJ1mxsAGFJzV8hHiKJsDax1UwI7vzJi9A5a7iGb8/rzasyjio4BEfgBLjgAjTBDWiBNsDgETyDV/BmPVkv1rv1MWutWOXMPvgj6/MH4zyXqQ==</latexit>

Scale Invariance 
and 

Trace Anomaly
from massless quarks to massive nucleons 
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Symmetry breaking scale :

PHYSIK
DEPARTMENT

CHIRAL SYMMETRY

        left - handed         right - handed

momentum spinspin

(almost) massless u- and d-quarks :     

SU(2)R × SU(2)L

Low energy :   spontaneous chiral symmetry breaking

PIONS as (almost) massless Nambu-Goldstone bosons

Pion decay constant : 

⇤� =4⇡ f⇡ ⇠ 1GeV
<latexit sha1_base64="9g9LOT6E58X4kGnYULIfXnBN4C0=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcqMVHQjFF3owkUF+4BmGDJppg3NPEgyQhnmS9z4K25cKCK40r8xnc5CWw8EDufcw809XsyZVJb1bZSWlldW18rrlY3Nre0dc3evI6NEENomEY9Ez8OSchbStmKK014sKA48Trve+Grqdx+okCwK79Ukpk6AhyHzGcFKS655miLPh+hWJwbYRWTE4AVEtQw2UMxQLXd9V3OIJAugjWrXtJO5ZtWqWzngIrELUgUFWq75iQYRSQIaKsKxlH3bipWTYqEY4TSroETSGJMxHtK+piEOqHTS/LwMHmllAP1I6BcqmKu/EykOpJwEnp4MsBrJeW8q/uf1E+WfOykL40TRkMwW+QmHKoLTruCACUoUn2iCiWD6r5CMsMBE6UYrugR7/uRF0jmp21bdvmtUm5dFHWVwAA7BMbDBGWiCG9ACbUDAI3gGr+DNeDJejHfjYzZaMorMPvgD4+sH3kagcQ==</latexit><latexit sha1_base64="9g9LOT6E58X4kGnYULIfXnBN4C0=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcqMVHQjFF3owkUF+4BmGDJppg3NPEgyQhnmS9z4K25cKCK40r8xnc5CWw8EDufcw809XsyZVJb1bZSWlldW18rrlY3Nre0dc3evI6NEENomEY9Ez8OSchbStmKK014sKA48Trve+Grqdx+okCwK79Ukpk6AhyHzGcFKS655miLPh+hWJwbYRWTE4AVEtQw2UMxQLXd9V3OIJAugjWrXtJO5ZtWqWzngIrELUgUFWq75iQYRSQIaKsKxlH3bipWTYqEY4TSroETSGJMxHtK+piEOqHTS/LwMHmllAP1I6BcqmKu/EykOpJwEnp4MsBrJeW8q/uf1E+WfOykL40TRkMwW+QmHKoLTruCACUoUn2iCiWD6r5CMsMBE6UYrugR7/uRF0jmp21bdvmtUm5dFHWVwAA7BMbDBGWiCG9ACbUDAI3gGr+DNeDJejHfjYzZaMorMPvgD4+sH3kagcQ==</latexit><latexit sha1_base64="9g9LOT6E58X4kGnYULIfXnBN4C0=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcqMVHQjFF3owkUF+4BmGDJppg3NPEgyQhnmS9z4K25cKCK40r8xnc5CWw8EDufcw809XsyZVJb1bZSWlldW18rrlY3Nre0dc3evI6NEENomEY9Ez8OSchbStmKK014sKA48Trve+Grqdx+okCwK79Ukpk6AhyHzGcFKS655miLPh+hWJwbYRWTE4AVEtQw2UMxQLXd9V3OIJAugjWrXtJO5ZtWqWzngIrELUgUFWq75iQYRSQIaKsKxlH3bipWTYqEY4TSroETSGJMxHtK+piEOqHTS/LwMHmllAP1I6BcqmKu/EykOpJwEnp4MsBrJeW8q/uf1E+WfOykL40TRkMwW+QmHKoLTruCACUoUn2iCiWD6r5CMsMBE6UYrugR7/uRF0jmp21bdvmtUm5dFHWVwAA7BMbDBGWiCG9ACbUDAI3gGr+DNeDJejHfjYzZaMorMPvgD4+sH3kagcQ==</latexit><latexit sha1_base64="9g9LOT6E58X4kGnYULIfXnBN4C0=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwUcqMVHQjFF3owkUF+4BmGDJppg3NPEgyQhnmS9z4K25cKCK40r8xnc5CWw8EDufcw809XsyZVJb1bZSWlldW18rrlY3Nre0dc3evI6NEENomEY9Ez8OSchbStmKK014sKA48Trve+Grqdx+okCwK79Ukpk6AhyHzGcFKS655miLPh+hWJwbYRWTE4AVEtQw2UMxQLXd9V3OIJAugjWrXtJO5ZtWqWzngIrELUgUFWq75iQYRSQIaKsKxlH3bipWTYqEY4TSroETSGJMxHtK+piEOqHTS/LwMHmllAP1I6BcqmKu/EykOpJwEnp4MsBrJeW8q/uf1E+WfOykL40TRkMwW+QmHKoLTruCACUoUn2iCiWD6r5CMsMBE6UYrugR7/uRF0jmp21bdvmtUm5dFHWVwAA7BMbDBGWiCG9ACbUDAI3gGr+DNeDJejHfjYzZaMorMPvgD4+sH3kagcQ==</latexit>

(empirical)(chiral limit)f (0)⇡ ' 86MeV
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Order parameter      :

Chiral (quark) condensate  
and sigma field

f2⇡ = �mu +md

2m2
⇡

hq̄qi = h�i2
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crossover transitions appear to be closely connected
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Figure 1. Left: Subtracted chiral condensate ∆l,s as a function of the temperature.
The gray band is the continuum result of our collaboration, obtained with the stout
action. Right: The trace anomaly normalized by T 4 as a function of T onNt = 6, 8, 10
and 12 lattices. The inset shows a comparison with the results of the Hadron Resonance
Gas model, including resonances from the Particle Data Book up to 2.5 GeV mass.

1. Introduction

The study of QCD thermodynamics is receiving increasing interest in recent years. A

systematic approach to determine the properties of the deconfinement phase transition

is through lattice QCD. Lattice simulations indicate that the transition at vanishing
chemical potential is merely an analytic crossover [1]. Some interesting quantities that

can be extracted from lattice simulations are the transition temperature Tc, the QCD

equation of state and, for small chemical potentials, the phase diagram in the µ−T plane:

we review the results on these observables that have been obtained by our collaboration

using the staggered stout action with physical light and strange quark masses, thus

ms/mud ≃ 28 [2, 3]. For all details we refer the reader to Refs. [4, 5, 6].

2. QCD transition temperature and Equation of State

We present here the results for the chiral condensate, and extract the value of Tc

associated to this observable; for the values of Tc obtained from other observables, which

reflects the nature of the crossover transition, we refer the reader to Ref. [4]. The chiral

condensate is defined as ⟨ψ̄ψ⟩q = T∂ lnZ/(∂mqV ) for q=u,d,s. It is an indicator for the
remnant of the chiral transition, since it rapidly changes around Tc. We calculate the

quantity ∆l,s, which is defined as [⟨ψ̄ψ⟩l,T −ml/ms⟨ψ̄ψ⟩s,T ]/[⟨ψ̄ψ⟩l,0 −ml/ms⟨ψ̄ψ⟩s,0]

for l=u,d. Since the results at different lattice spacings are essentially on top of each

other, we connect them to lead the eye (see the left panel of Fig. 1). The value of Tc

that we obtain from the inflection point of this observable is Tc = 157(3)(3).

Next we present our results regarding the equation of state; in the right panel of
Figure 1, the T dependence of the interaction measure is shown for the 2 + 1 flavor

system. We have results at four different lattice spacings. Results show essentially

no dependence on “a”, they all lie on top of each other. Only the coarsest Nt = 6

lattice shows some deviation around ∼ 300 MeV. On the same figure, we zoom in to

S. Borsanyi et al.
JHEP 1011 (2010) 077

⟨ψ̄ψ⟩T
⟨ψ̄ψ⟩T=0

temperature

Tc ≃ 155MeV

Crossover 
transition temperature
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Trace of energy-momentum tensor         vanishes classically …

SCALE INVARIANCE,  TRACE ANOMALY
and MASS of the NUCLEON

QCD with massless quarks : no dimensional parameter  

… but - QCD as a QFT introduces renormalisation scale, and so :

⇥µ⌫
<latexit sha1_base64="n6LKQ9trKjjdg2qeY4QA9GIDvNg=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r9AVNCJPptB06mYR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JM86U9rxvp7SxubW9U96t7O0fHFbdo+OOSo0ktE1SnspejBXlTNC2ZprTXiYpTmJOu/Hkbu53H6lULBUtPc1omOCRYENGsLZS5FaD1phqHOVBYgJhZpFb8+reAmid+AWpQYFm5H4Fg5SYhApNOFaq73uZDnMsNSOcziqBUTTDZIJHtG+pwAlVYb44fIbOrTJAw1TaEhot1N8TOU6Umiax7UywHqtVby7+5/WNHt6EOROZ0VSQ5aKh4UinaJ4CGjBJieZTSzCRzN6KyBhLTLTNqmJD8FdfXiedy7rv1f2Hq1rjtoijDKdwBhfgwzU04B6a0AYCBp7hFd6cJ+fFeXc+lq0lp5g5gT9wPn8AKNOTZw==</latexit><latexit sha1_base64="n6LKQ9trKjjdg2qeY4QA9GIDvNg=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r9AVNCJPptB06mYR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JM86U9rxvp7SxubW9U96t7O0fHFbdo+OOSo0ktE1SnspejBXlTNC2ZprTXiYpTmJOu/Hkbu53H6lULBUtPc1omOCRYENGsLZS5FaD1phqHOVBYgJhZpFb8+reAmid+AWpQYFm5H4Fg5SYhApNOFaq73uZDnMsNSOcziqBUTTDZIJHtG+pwAlVYb44fIbOrTJAw1TaEhot1N8TOU6Umiax7UywHqtVby7+5/WNHt6EOROZ0VSQ5aKh4UinaJ4CGjBJieZTSzCRzN6KyBhLTLTNqmJD8FdfXiedy7rv1f2Hq1rjtoijDKdwBhfgwzU04B6a0AYCBp7hFd6cJ+fFeXc+lq0lp5g5gT9wPn8AKNOTZw==</latexit><latexit sha1_base64="n6LKQ9trKjjdg2qeY4QA9GIDvNg=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r9AVNCJPptB06mYR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JM86U9rxvp7SxubW9U96t7O0fHFbdo+OOSo0ktE1SnspejBXlTNC2ZprTXiYpTmJOu/Hkbu53H6lULBUtPc1omOCRYENGsLZS5FaD1phqHOVBYgJhZpFb8+reAmid+AWpQYFm5H4Fg5SYhApNOFaq73uZDnMsNSOcziqBUTTDZIJHtG+pwAlVYb44fIbOrTJAw1TaEhot1N8TOU6Umiax7UywHqtVby7+5/WNHt6EOROZ0VSQ5aKh4UinaJ4CGjBJieZTSzCRzN6KyBhLTLTNqmJD8FdfXiedy7rv1f2Hq1rjtoijDKdwBhfgwzU04B6a0AYCBp7hFd6cJ+fFeXc+lq0lp5g5gT9wPn8AKNOTZw==</latexit><latexit sha1_base64="n6LKQ9trKjjdg2qeY4QA9GIDvNg=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r9AVNCJPptB06mYR5CDX0S9y4UMStn+LOv3HaZqGtBy4czrmXe++JM86U9rxvp7SxubW9U96t7O0fHFbdo+OOSo0ktE1SnspejBXlTNC2ZprTXiYpTmJOu/Hkbu53H6lULBUtPc1omOCRYENGsLZS5FaD1phqHOVBYgJhZpFb8+reAmid+AWpQYFm5H4Fg5SYhApNOFaq73uZDnMsNSOcziqBUTTDZIJHtG+pwAlVYb44fIbOrTJAw1TaEhot1N8TOU6Umiax7UywHqtVby7+5/WNHt6EOROZ0VSQ5aKh4UinaJ4CGjBJieZTSzCRzN6KyBhLTLTNqmJD8FdfXiedy7rv1f2Hq1rjtoijDKdwBhfgwzU04B6a0AYCBp7hFd6cJ+fFeXc+lq0lp5g5gT9wPn8AKNOTZw==</latexit>

(TRACE  ANOMALY)

PHYSIK
DEPARTMENT

x ! �x
<latexit sha1_base64="gb1rnZZiXUENMREhfu66zeRNcVQ=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwVRIRdFl047KCfUATymQyaYdOJmFmoi2hGzf+ihsXirj1H9z5N07bLLT1wMDhnHu4c0+Qcqa043xbS8srq2vrpY3y5tb2zq69t99USSYJbZCEJ7IdYEU5E7Shmea0nUqK44DTVjC4nviteyoVS8SdHqXUj3FPsIgRrI3UtY9yL4jQ0JOs19dYyuQBedzEQ4yG465dcarOFGiRuAWpQIF61/7ywoRkMRWacKxUx3VS7edYakY4HZe9TNEUkwHu0Y6hAsdU+fn0ijE6MUqIokSaJzSaqr8TOY6VGsWBmYyx7qt5byL+53UyHV36ORNppqkgs0VRxpFO0KQSFDJJieYjQzCRzPwVkT6WmGhTXNmU4M6fvEiaZ1XX8NvzSu2qqKMEh3AMp+DCBdTgBurQAAKP8Ayv8GY9WS/Wu/UxG12yiswB/IH1+QOElJiR</latexit><latexit sha1_base64="gb1rnZZiXUENMREhfu66zeRNcVQ=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwVRIRdFl047KCfUATymQyaYdOJmFmoi2hGzf+ihsXirj1H9z5N07bLLT1wMDhnHu4c0+Qcqa043xbS8srq2vrpY3y5tb2zq69t99USSYJbZCEJ7IdYEU5E7Shmea0nUqK44DTVjC4nviteyoVS8SdHqXUj3FPsIgRrI3UtY9yL4jQ0JOs19dYyuQBedzEQ4yG465dcarOFGiRuAWpQIF61/7ywoRkMRWacKxUx3VS7edYakY4HZe9TNEUkwHu0Y6hAsdU+fn0ijE6MUqIokSaJzSaqr8TOY6VGsWBmYyx7qt5byL+53UyHV36ORNppqkgs0VRxpFO0KQSFDJJieYjQzCRzPwVkT6WmGhTXNmU4M6fvEiaZ1XX8NvzSu2qqKMEh3AMp+DCBdTgBurQAAKP8Ayv8GY9WS/Wu/UxG12yiswB/IH1+QOElJiR</latexit><latexit sha1_base64="gb1rnZZiXUENMREhfu66zeRNcVQ=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwVRIRdFl047KCfUATymQyaYdOJmFmoi2hGzf+ihsXirj1H9z5N07bLLT1wMDhnHu4c0+Qcqa043xbS8srq2vrpY3y5tb2zq69t99USSYJbZCEJ7IdYEU5E7Shmea0nUqK44DTVjC4nviteyoVS8SdHqXUj3FPsIgRrI3UtY9yL4jQ0JOs19dYyuQBedzEQ4yG465dcarOFGiRuAWpQIF61/7ywoRkMRWacKxUx3VS7edYakY4HZe9TNEUkwHu0Y6hAsdU+fn0ijE6MUqIokSaJzSaqr8TOY6VGsWBmYyx7qt5byL+53UyHV36ORNppqkgs0VRxpFO0KQSFDJJieYjQzCRzPwVkT6WmGhTXNmU4M6fvEiaZ1XX8NvzSu2qqKMEh3AMp+DCBdTgBurQAAKP8Ayv8GY9WS/Wu/UxG12yiswB/IH1+QOElJiR</latexit><latexit sha1_base64="gb1rnZZiXUENMREhfu66zeRNcVQ=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwVRIRdFl047KCfUATymQyaYdOJmFmoi2hGzf+ihsXirj1H9z5N07bLLT1wMDhnHu4c0+Qcqa043xbS8srq2vrpY3y5tb2zq69t99USSYJbZCEJ7IdYEU5E7Shmea0nUqK44DTVjC4nviteyoVS8SdHqXUj3FPsIgRrI3UtY9yL4jQ0JOs19dYyuQBedzEQ4yG465dcarOFGiRuAWpQIF61/7ywoRkMRWacKxUx3VS7edYakY4HZe9TNEUkwHu0Y6hAsdU+fn0ijE6MUqIokSaJzSaqr8TOY6VGsWBmYyx7qt5byL+53UyHV36ORNppqkgs0VRxpFO0KQSFDJJieYjQzCRzPwVkT6WmGhTXNmU4M6fvEiaZ1XX8NvzSu2qqKMEh3AMp+DCBdTgBurQAAKP8Ayv8GY9WS/Wu/UxG12yiswB/IH1+QOElJiR</latexit>Invariance under scale transformations 

From MASSLESS QUARKS  to  MASSIVE  NUCLEONS : 

⇥µ
µ / Tr [Gµ⌫G

µ⌫ ]
<latexit sha1_base64="TZEpvNndCtqTHc+jhd+dgVyDt7U=">AAACHnicbZDLSgMxFIYzXmu9VV26CRbBhZQZUXRZdKFLhbYKnemQSTNtaCYZkjNCGfokbnwVNy4UEVzp25heBG394cDHf84hOX+UCm7Adb+cufmFxaXlwkpxdW19Y7O0td0wKtOU1akSSt9FxDDBJasDB8HuUs1IEgl2G/Uuhv3be6YNV7IG/ZQFCelIHnNKwFph6cSvdRmQ0E+yli0/1SoFlftRjGt64B82L8N86MtscNn6oSAsld2KOxKeBW8CZTTRdVj68NuKZgmTQAUxpum5KQQ50cCpYIOinxmWEtojHda0KEnCTJCPzhvgfeu0cay0LQl45P7eyEliTD+J7GRCoGume0Pzv14zg/gsyLlMM2CSjh+KM4FB4WFWuM01oyD6FgjV3P4V0y7RhIJNtGhD8KZPnoXGUcWzfHNcrp5P4iigXbSHDpCHTlEVXaFrVEcUPaAn9IJenUfn2Xlz3sejc85kZwf9kfP5DSz0o78=</latexit><latexit sha1_base64="TZEpvNndCtqTHc+jhd+dgVyDt7U=">AAACHnicbZDLSgMxFIYzXmu9VV26CRbBhZQZUXRZdKFLhbYKnemQSTNtaCYZkjNCGfokbnwVNy4UEVzp25heBG394cDHf84hOX+UCm7Adb+cufmFxaXlwkpxdW19Y7O0td0wKtOU1akSSt9FxDDBJasDB8HuUs1IEgl2G/Uuhv3be6YNV7IG/ZQFCelIHnNKwFph6cSvdRmQ0E+yli0/1SoFlftRjGt64B82L8N86MtscNn6oSAsld2KOxKeBW8CZTTRdVj68NuKZgmTQAUxpum5KQQ50cCpYIOinxmWEtojHda0KEnCTJCPzhvgfeu0cay0LQl45P7eyEliTD+J7GRCoGume0Pzv14zg/gsyLlMM2CSjh+KM4FB4WFWuM01oyD6FgjV3P4V0y7RhIJNtGhD8KZPnoXGUcWzfHNcrp5P4iigXbSHDpCHTlEVXaFrVEcUPaAn9IJenUfn2Xlz3sejc85kZwf9kfP5DSz0o78=</latexit><latexit sha1_base64="TZEpvNndCtqTHc+jhd+dgVyDt7U=">AAACHnicbZDLSgMxFIYzXmu9VV26CRbBhZQZUXRZdKFLhbYKnemQSTNtaCYZkjNCGfokbnwVNy4UEVzp25heBG394cDHf84hOX+UCm7Adb+cufmFxaXlwkpxdW19Y7O0td0wKtOU1akSSt9FxDDBJasDB8HuUs1IEgl2G/Uuhv3be6YNV7IG/ZQFCelIHnNKwFph6cSvdRmQ0E+yli0/1SoFlftRjGt64B82L8N86MtscNn6oSAsld2KOxKeBW8CZTTRdVj68NuKZgmTQAUxpum5KQQ50cCpYIOinxmWEtojHda0KEnCTJCPzhvgfeu0cay0LQl45P7eyEliTD+J7GRCoGume0Pzv14zg/gsyLlMM2CSjh+KM4FB4WFWuM01oyD6FgjV3P4V0y7RhIJNtGhD8KZPnoXGUcWzfHNcrp5P4iigXbSHDpCHTlEVXaFrVEcUPaAn9IJenUfn2Xlz3sejc85kZwf9kfP5DSz0o78=</latexit><latexit sha1_base64="TZEpvNndCtqTHc+jhd+dgVyDt7U=">AAACHnicbZDLSgMxFIYzXmu9VV26CRbBhZQZUXRZdKFLhbYKnemQSTNtaCYZkjNCGfokbnwVNy4UEVzp25heBG394cDHf84hOX+UCm7Adb+cufmFxaXlwkpxdW19Y7O0td0wKtOU1akSSt9FxDDBJasDB8HuUs1IEgl2G/Uuhv3be6YNV7IG/ZQFCelIHnNKwFph6cSvdRmQ0E+yli0/1SoFlftRjGt64B82L8N86MtscNn6oSAsld2KOxKeBW8CZTTRdVj68NuKZgmTQAUxpum5KQQ50cCpYIOinxmWEtojHda0KEnCTJCPzhvgfeu0cay0LQl45P7eyEliTD+J7GRCoGume0Pzv14zg/gsyLlMM2CSjh+KM4FB4WFWuM01oyD6FgjV3P4V0y7RhIJNtGhD8KZPnoXGUcWzfHNcrp5P4iigXbSHDpCHTlEVXaFrVEcUPaAn9IJenUfn2Xlz3sejc85kZwf9kfP5DSz0o78=</latexit>

M(0)
N = hN |⇥µ

µ|Ni = 9

4
hN

���
↵s

⇡
(E2 �B2)

���Ni
<latexit sha1_base64="NXT7yGE9iuRO0rx1pov7voN73uU="></latexit><latexit sha1_base64="NXT7yGE9iuRO0rx1pov7voN73uU="></latexit><latexit sha1_base64="NXT7yGE9iuRO0rx1pov7voN73uU="></latexit><latexit sha1_base64="NXT7yGE9iuRO0rx1pov7voN73uU="></latexit>

Physical nucleon mass : MN = M(0)
N + �N = 0.94GeV

<latexit sha1_base64="WgFgOWN7L3YlZnzbEAs0u0jb3Ms=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVS0mkYF0IBRe6USrYBzSxTKaTdujkwcxEKCE/4cZfceNCEbeCO//GSZqFth64l8M59zJzjxMyKqRhfGsLi0vLK6uFteL6xubWtr6z2xZBxDFp4YAFvOsgQRj1SUtSyUg35AR5DiMdZ3yR+p0HwgUN/Ds5CYntoaFPXYqRVFJfr8SW48Lr/g08T/t9XDaOEngMLUGHHspko3pWsyqXpJ309ZJRNTLAeWLmpARyNPv6lzUIcOQRX2KGhOiZRijtGHFJMSNJ0YoECREeoyHpKeojjwg7zq5K4KFSBtANuCpfwkz9vREjT4iJ56hJD8mRmPVS8T+vF0m3bsfUDyNJfDx9yI0YlAFMI4IDygmWbKIIwpyqv0I8QhxhqYIsqhDM2ZPnSfukahpV87ZWatTzOApgHxyAMjDBKWiAK9AELYDBI3gGr+BNe9JetHftYzq6oOU7e+APtM8feBqbNA==</latexit><latexit sha1_base64="WgFgOWN7L3YlZnzbEAs0u0jb3Ms=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVS0mkYF0IBRe6USrYBzSxTKaTdujkwcxEKCE/4cZfceNCEbeCO//GSZqFth64l8M59zJzjxMyKqRhfGsLi0vLK6uFteL6xubWtr6z2xZBxDFp4YAFvOsgQRj1SUtSyUg35AR5DiMdZ3yR+p0HwgUN/Ds5CYntoaFPXYqRVFJfr8SW48Lr/g08T/t9XDaOEngMLUGHHspko3pWsyqXpJ309ZJRNTLAeWLmpARyNPv6lzUIcOQRX2KGhOiZRijtGHFJMSNJ0YoECREeoyHpKeojjwg7zq5K4KFSBtANuCpfwkz9vREjT4iJ56hJD8mRmPVS8T+vF0m3bsfUDyNJfDx9yI0YlAFMI4IDygmWbKIIwpyqv0I8QhxhqYIsqhDM2ZPnSfukahpV87ZWatTzOApgHxyAMjDBKWiAK9AELYDBI3gGr+BNe9JetHftYzq6oOU7e+APtM8feBqbNA==</latexit><latexit sha1_base64="WgFgOWN7L3YlZnzbEAs0u0jb3Ms=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVS0mkYF0IBRe6USrYBzSxTKaTdujkwcxEKCE/4cZfceNCEbeCO//GSZqFth64l8M59zJzjxMyKqRhfGsLi0vLK6uFteL6xubWtr6z2xZBxDFp4YAFvOsgQRj1SUtSyUg35AR5DiMdZ3yR+p0HwgUN/Ds5CYntoaFPXYqRVFJfr8SW48Lr/g08T/t9XDaOEngMLUGHHspko3pWsyqXpJ309ZJRNTLAeWLmpARyNPv6lzUIcOQRX2KGhOiZRijtGHFJMSNJ0YoECREeoyHpKeojjwg7zq5K4KFSBtANuCpfwkz9vREjT4iJ56hJD8mRmPVS8T+vF0m3bsfUDyNJfDx9yI0YlAFMI4IDygmWbKIIwpyqv0I8QhxhqYIsqhDM2ZPnSfukahpV87ZWatTzOApgHxyAMjDBKWiAK9AELYDBI3gGr+BNe9JetHftYzq6oOU7e+APtM8feBqbNA==</latexit><latexit sha1_base64="WgFgOWN7L3YlZnzbEAs0u0jb3Ms=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVS0mkYF0IBRe6USrYBzSxTKaTdujkwcxEKCE/4cZfceNCEbeCO//GSZqFth64l8M59zJzjxMyKqRhfGsLi0vLK6uFteL6xubWtr6z2xZBxDFp4YAFvOsgQRj1SUtSyUg35AR5DiMdZ3yR+p0HwgUN/Ds5CYntoaFPXYqRVFJfr8SW48Lr/g08T/t9XDaOEngMLUGHHspko3pWsyqXpJ309ZJRNTLAeWLmpARyNPv6lzUIcOQRX2KGhOiZRijtGHFJMSNJ0YoECREeoyHpKeojjwg7zq5K4KFSBtANuCpfwkz9vREjT4iJ56hJD8mRmPVS8T+vF0m3bsfUDyNJfDx9yI0YlAFMI4IDygmWbKIIwpyqv0I8QhxhqYIsqhDM2ZPnSfukahpV87ZWatTzOApgHxyAMjDBKWiAK9AELYDBI3gGr+BNe9JetHftYzq6oOU7e+APtM8feBqbNA==</latexit>

' 0.89GeV
<latexit sha1_base64="8kdko8zlpz+Dkg7KprSFvfxSRLM=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4EJKIoJ1V3Shywr2Ak0ok+lJO3QmiTMTocQufBU3LhRx62u4822ctllo6w8DH/85h3PmDxLOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypOJYU6jXksWwFRwFkEdc00h1YigYiAQzMYXI3rzQeQisXRnR4m4AvSi1jIKNHG6tj7mReE2FNMwD12ypUL7+QaGqOOXXLKzkR4HtwcSihXrWN/ed2YpgIiTTlRqu06ifYzIjWjHEZFL1WQEDogPWgbjIgA5WeT+0f4yDhdHMbSvEjjift7IiNCqaEITKcguq9ma2Pzv1o71WHFz1iUpBoiOl0UphzrGI/DwF0mgWo+NECoZOZWTPtEEqpNZEUTgjv75XlonJZdw7dnpeplHkcBHaBDdIxcdI6q6AbVUB1R9Iie0St6s56sF+vd+pi2Llj5zB76I+vzB+W2lLc=</latexit><latexit sha1_base64="8kdko8zlpz+Dkg7KprSFvfxSRLM=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4EJKIoJ1V3Shywr2Ak0ok+lJO3QmiTMTocQufBU3LhRx62u4822ctllo6w8DH/85h3PmDxLOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypOJYU6jXksWwFRwFkEdc00h1YigYiAQzMYXI3rzQeQisXRnR4m4AvSi1jIKNHG6tj7mReE2FNMwD12ypUL7+QaGqOOXXLKzkR4HtwcSihXrWN/ed2YpgIiTTlRqu06ifYzIjWjHEZFL1WQEDogPWgbjIgA5WeT+0f4yDhdHMbSvEjjift7IiNCqaEITKcguq9ma2Pzv1o71WHFz1iUpBoiOl0UphzrGI/DwF0mgWo+NECoZOZWTPtEEqpNZEUTgjv75XlonJZdw7dnpeplHkcBHaBDdIxcdI6q6AbVUB1R9Iie0St6s56sF+vd+pi2Llj5zB76I+vzB+W2lLc=</latexit><latexit sha1_base64="8kdko8zlpz+Dkg7KprSFvfxSRLM=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4EJKIoJ1V3Shywr2Ak0ok+lJO3QmiTMTocQufBU3LhRx62u4822ctllo6w8DH/85h3PmDxLOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypOJYU6jXksWwFRwFkEdc00h1YigYiAQzMYXI3rzQeQisXRnR4m4AvSi1jIKNHG6tj7mReE2FNMwD12ypUL7+QaGqOOXXLKzkR4HtwcSihXrWN/ed2YpgIiTTlRqu06ifYzIjWjHEZFL1WQEDogPWgbjIgA5WeT+0f4yDhdHMbSvEjjift7IiNCqaEITKcguq9ma2Pzv1o71WHFz1iUpBoiOl0UphzrGI/DwF0mgWo+NECoZOZWTPtEEqpNZEUTgjv75XlonJZdw7dnpeplHkcBHaBDdIxcdI6q6AbVUB1R9Iie0St6s56sF+vd+pi2Llj5zB76I+vzB+W2lLc=</latexit><latexit sha1_base64="8kdko8zlpz+Dkg7KprSFvfxSRLM=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4EJKIoJ1V3Shywr2Ak0ok+lJO3QmiTMTocQufBU3LhRx62u4822ctllo6w8DH/85h3PmDxLOlHacb2thcWl5ZbWwVlzf2Nzatnd2GypOJYU6jXksWwFRwFkEdc00h1YigYiAQzMYXI3rzQeQisXRnR4m4AvSi1jIKNHG6tj7mReE2FNMwD12ypUL7+QaGqOOXXLKzkR4HtwcSihXrWN/ed2YpgIiTTlRqu06ifYzIjWjHEZFL1WQEDogPWgbjIgA5WeT+0f4yDhdHMbSvEjjift7IiNCqaEITKcguq9ma2Pzv1o71WHFz1iUpBoiOl0UphzrGI/DwF0mgWo+NECoZOZWTPtEEqpNZEUTgjv75XlonJZdw7dnpeplHkcBHaBDdIxcdI6q6AbVUB1R9Iie0St6s56sF+vd+pi2Llj5zB76I+vzB+W2lLc=</latexit>

Sigma term : �N =
1

2
(mu +md)hN

��ūu+ d̄d
��Ni

<latexit sha1_base64="kJ+cnhhISjXQZb3A+YCmzjzZJHU="></latexit><latexit sha1_base64="kJ+cnhhISjXQZb3A+YCmzjzZJHU="></latexit><latexit sha1_base64="kJ+cnhhISjXQZb3A+YCmzjzZJHU="></latexit><latexit sha1_base64="kJ+cnhhISjXQZb3A+YCmzjzZJHU="></latexit>
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NUCLEON  MASS
- two aspects of symmetry breaking in QCD - 

MN
<latexit sha1_base64="+77QQIptDBITg3rX43Gor9rqqVs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MaNUsFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRtfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rRbe9u0itX/Ko/E1qGIIcK5Kr3yl/dviKpoNISjo3pBH5iwwxrywink1I3NTTBZIQHtONQYkFNmM0WnqAT5/RRrLR70qKZ+3siw8KYsYhcp8B2aBZrU/O/Wie18WWYMZmklkoy/yhOObIKTa9HfaYpsXzsABPN3K6IDLHGxLqMSi6EYPHkZWieVQPH9+eV2lUeRxGO4BhOIYALqMEN1KEBBAQ8wyu8edp78d69j3lrwctnDuGPvM8fQv6QCg==</latexit><latexit sha1_base64="+77QQIptDBITg3rX43Gor9rqqVs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MaNUsFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRtfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rRbe9u0itX/Ko/E1qGIIcK5Kr3yl/dviKpoNISjo3pBH5iwwxrywink1I3NTTBZIQHtONQYkFNmM0WnqAT5/RRrLR70qKZ+3siw8KYsYhcp8B2aBZrU/O/Wie18WWYMZmklkoy/yhOObIKTa9HfaYpsXzsABPN3K6IDLHGxLqMSi6EYPHkZWieVQPH9+eV2lUeRxGO4BhOIYALqMEN1KEBBAQ8wyu8edp78d69j3lrwctnDuGPvM8fQv6QCg==</latexit><latexit sha1_base64="+77QQIptDBITg3rX43Gor9rqqVs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MaNUsFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRtfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rRbe9u0itX/Ko/E1qGIIcK5Kr3yl/dviKpoNISjo3pBH5iwwxrywink1I3NTTBZIQHtONQYkFNmM0WnqAT5/RRrLR70qKZ+3siw8KYsYhcp8B2aBZrU/O/Wie18WWYMZmklkoy/yhOObIKTa9HfaYpsXzsABPN3K6IDLHGxLqMSi6EYPHkZWieVQPH9+eV2lUeRxGO4BhOIYALqMEN1KEBBAQ8wyu8edp78d69j3lrwctnDuGPvM8fQv6QCg==</latexit><latexit sha1_base64="+77QQIptDBITg3rX43Gor9rqqVs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MaNUsFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRtfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rRbe9u0itX/Ko/E1qGIIcK5Kr3yl/dviKpoNISjo3pBH5iwwxrywink1I3NTTBZIQHtONQYkFNmM0WnqAT5/RRrLR70qKZ+3siw8KYsYhcp8B2aBZrU/O/Wie18WWYMZmklkoy/yhOObIKTa9HfaYpsXzsABPN3K6IDLHGxLqMSi6EYPHkZWieVQPH9+eV2lUeRxGO4BhOIYALqMEN1KEBBAQ8wyu8edp78d69j3lrwctnDuGPvM8fQv6QCg==</latexit>

/ hN|Tr [Gµ⌫G
µ⌫ ]|Ni
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Goldberger - Treiman Relation

TRACE ANOMALY
Gluon dynamics 

Spontaneously broken 
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Reminder about SIZES :
CHIRAL SOLITON MODEL of the NUCLEON

 mesonic cloud

⟨r
2
⟩

1/2
E,isoscalar ≃ 0.8 fm
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NUCLEON : compact valence quark core  + mesonic cloud

Significant difference of scales between  
compact baryonic core and (multi-)pion cloud

Spontaneously broken chiral symmetry + localisation (confinement)
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Generalised Parton Distributions 
(GPDs) and Transverse Spin and 
Momentum-Dependent Distributions 
(TMDs)
Our knowledge of nucleon structure has drastically 
improved in the last few years thanks to the 
vigorous activity revolving around Generalised 
Parton Distributions (GPDs) and Transverse 
Spin and Momentum-Dependent Distributions 
(TMDs). These new functions complete the 
information from form factors and parton 
distributions, providing a three-dimensional 
description of the internal structure of hadrons. 
GPDs and TMDs correlate either the transverse 
position or transverse momentum or spin of 
partons with their longitudinal momentum. They 
open the exciting possibility of determining the 
spatial distribution of quarks and gluons in the 
nucleon as a function of the parton wavelength 
and of providing access to the orbital angular 
momentum of quarks and gluons. 
Two main processes have been identified as 
giving the best access to GPDs: Deeply Virtual 
Compton Scattering (DVCS) and Deeply Virtual 
Meson Production (DVMP). GPDs are process-
independent universal quantities. A factorisation 
theorem has been proven for DVCS and for 
longitudinally polarised photons in DVMP, 
providing a solid theoretical basis for GPD 
measurements through hard exclusive reactions. 
DVCS and DVMP have been explored in recent 
years at several experiments: HERMES used 27 
GeV electron and positron beams, H1 and ZEUS 
analysed collisions of 820 GeV protons with 
27 GeV electrons or positrons, while JLab has 

increased the energy of its electron beam from 6 
to 12 GeV. Accurate cross-section measurements 
have shown indications of leading-twist 
dominance in the accessible kinematic regions. 
The high precision of the data has stimulated 
further theoretical analyses to understand the 
fine details. A variety of beam and target spin 
asymmetries has been used to constrain models 
and build GPD parameterisations that have 
delivered the first 3D images of nucleon structure. 
In the next few years the most important data 
will come from the JLab 12 GeV upgrade and 
the GPD programme at COMPASS. The new 
kinematic regime accessible at JLab (see Figure 5) 
and the extremely high luminosity will allow for 
a systematic and multi-dimensional exploration 

Box 5: Hypernuclei
Recently, hypernuclear spectroscopy with heavy ion 
induced reactions has been successfully performed by 
the HypHI collaboration at GSI.  They have shown that 
the lifetime of the lightest hypernucleus, Λ

3H, is 
significantly shorter than the Λ-hyperon, also reported 
by hadron-collider collaborations.  A short Λ

3H lifetime 
has not yet been explained by any theory so far and 
remains as a puzzle. A signal indicating the existing a 
neutral strange nucleus, Λ

3n  (nnΛ), has been reported, 
which is still under debate and it requires experimental 
confirmation. By solving these puzzles with more data 
on exotic hypernuclei toward nucleon drip-lines, one 
can deduce essential information on the baryon-
baryon interaction under SU(3) including three-body 
forces. Exotic hypernuclei can only be studied with 
heavy ions at GSI and FAIR. With these experiments, 
Europe will play an essential role in nuclear physics 
with strangeness. 

Hypernuclear chart expected to be 
synthesized and studied at GSI and FAIR. 
Blue boxes indicate known hypernuclei 
while orange and green coloured boxes 
show cases to be populated with 104 
and 103 reconstructed events per week, 
respectively.
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compact core: 
valence quarks

Deeply Virtual Compton Scattering  @  JLab

Valence quark region:

Core size:
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hb2i ' 0.16 fm2 · ln(1/xB)
<latexit sha1_base64="VaOiQTT6pzLJblg/LTr2sOGEEME=">AAACIXicbZDLSgMxFIYz9V5voy7dBItQQepMEXUpunGpYC/QGUsmPVNDk8yYZMQy9FXc+CpuXCjiTnwZ08tCrT8EPv5zDifnj1LOtPG8T6cwMzs3v7C4VFxeWV1bdzc26zrJFIUaTXiimhHRwJmEmmGGQzNVQETEoRH1zof1xj0ozRJ5bfophIJ0JYsZJcZabfckD6IYB5zILgcc3VQDNcJAMwF32Kv4R8F+LKxPO4nBXJb9g4f22d6g7Za8ijcSngZ/AiU00WXb/Qg6Cc0ESEM50brle6kJc6IMoxwGxSDTkBLaI11oWZREgA7z0YUDvGudDo4TZZ80eOT+nMiJ0LovItspiLnVf2tD879aKzPxSZgzmWYGJB0vijOOTYKHceEOU0AN71sgVDH7V0xviSLU2FCLNgT/78nTUK9WfMtXh6XTs0kci2gb7aAy8tExOkUX6BLVEEWP6Bm9ojfnyXlx3p2PcWvBmcxsoV9yvr4BnReh4g==</latexit><latexit sha1_base64="VaOiQTT6pzLJblg/LTr2sOGEEME=">AAACIXicbZDLSgMxFIYz9V5voy7dBItQQepMEXUpunGpYC/QGUsmPVNDk8yYZMQy9FXc+CpuXCjiTnwZ08tCrT8EPv5zDifnj1LOtPG8T6cwMzs3v7C4VFxeWV1bdzc26zrJFIUaTXiimhHRwJmEmmGGQzNVQETEoRH1zof1xj0ozRJ5bfophIJ0JYsZJcZabfckD6IYB5zILgcc3VQDNcJAMwF32Kv4R8F+LKxPO4nBXJb9g4f22d6g7Za8ijcSngZ/AiU00WXb/Qg6Cc0ESEM50brle6kJc6IMoxwGxSDTkBLaI11oWZREgA7z0YUDvGudDo4TZZ80eOT+nMiJ0LovItspiLnVf2tD879aKzPxSZgzmWYGJB0vijOOTYKHceEOU0AN71sgVDH7V0xviSLU2FCLNgT/78nTUK9WfMtXh6XTs0kci2gb7aAy8tExOkUX6BLVEEWP6Bm9ojfnyXlx3p2PcWvBmcxsoV9yvr4BnReh4g==</latexit><latexit sha1_base64="VaOiQTT6pzLJblg/LTr2sOGEEME=">AAACIXicbZDLSgMxFIYz9V5voy7dBItQQepMEXUpunGpYC/QGUsmPVNDk8yYZMQy9FXc+CpuXCjiTnwZ08tCrT8EPv5zDifnj1LOtPG8T6cwMzs3v7C4VFxeWV1bdzc26zrJFIUaTXiimhHRwJmEmmGGQzNVQETEoRH1zof1xj0ozRJ5bfophIJ0JYsZJcZabfckD6IYB5zILgcc3VQDNcJAMwF32Kv4R8F+LKxPO4nBXJb9g4f22d6g7Za8ijcSngZ/AiU00WXb/Qg6Cc0ESEM50brle6kJc6IMoxwGxSDTkBLaI11oWZREgA7z0YUDvGudDo4TZZ80eOT+nMiJ0LovItspiLnVf2tD879aKzPxSZgzmWYGJB0vijOOTYKHceEOU0AN71sgVDH7V0xviSLU2FCLNgT/78nTUK9WfMtXh6XTs0kci2gb7aAy8tExOkUX6BLVEEWP6Bm9ojfnyXlx3p2PcWvBmcxsoV9yvr4BnReh4g==</latexit><latexit sha1_base64="VaOiQTT6pzLJblg/LTr2sOGEEME=">AAACIXicbZDLSgMxFIYz9V5voy7dBItQQepMEXUpunGpYC/QGUsmPVNDk8yYZMQy9FXc+CpuXCjiTnwZ08tCrT8EPv5zDifnj1LOtPG8T6cwMzs3v7C4VFxeWV1bdzc26zrJFIUaTXiimhHRwJmEmmGGQzNVQETEoRH1zof1xj0ozRJ5bfophIJ0JYsZJcZabfckD6IYB5zILgcc3VQDNcJAMwF32Kv4R8F+LKxPO4nBXJb9g4f22d6g7Za8ijcSngZ/AiU00WXb/Qg6Cc0ESEM50brle6kJc6IMoxwGxSDTkBLaI11oWZREgA7z0YUDvGudDo4TZZ80eOT+nMiJ0LovItspiLnVf2tD879aKzPxSZgzmWYGJB0vijOOTYKHceEOU0AN71sgVDH7V0xviSLU2FCLNgT/78nTUK9WfMtXh6XTs0kci2gb7aAy8tExOkUX6BLVEEWP6Bm9ojfnyXlx3p2PcWvBmcxsoV9yvr4BnReh4g==</latexit>



(Multi-)pion fields in space between baryonic sources (ChEFT)

In[143]:= r := 0.4
d := 1.8
a := d * Sqrt@0.75D
density = 1 ê d^3 ê 0.16

Plot3D@Exp@-HHx + d ê 2L^2 + y^2L ê r^2D +Exp@-HHx - d ê 2L^2 + y^2L ê r^2 D + Exp@-Hx^2 + Hy - aL^2L ê r^2D +
Exp@-Hx^2 + Hy + aL^2L ê r^2D, 8x, -1.52, 1.52<, 8y, -2.0, 2.0<DOut[146]= 1.07167

Out[147]=

In[173]:= r := 0.4
d := 1.08
a := d * Sqrt@0.75D
density = 1 ê d^3 ê 0.16

Plot3D@Exp@-HHx + d ê 2L^2 + y^2L ê r^2D +Exp@-HHx - d ê 2L^2 + y^2L ê r^2 D + Exp@-Hx^2 + Hy - aL^2L ê r^2D +
Exp@-Hx^2 + Hy + aL^2L ê r^2D, 8x, -1.0, 1.0<, 8y, -1.5, 1.5<DOut[176]= 4.96145

Out[177]=

0
<latexit sha1_base64="l++06PanQGZoi3Ov5mW8U7xXAes=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hVkR9Bj04jGCeUCyhNnJbDJkdnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUyUtUvrtra1vbG5tl3bKu3v7B4eVo+OWTTLDRZMnKjGdkFmhpBZNlKhEJzWCxaES7XB8N/PbT8JYmehHnKQiiNlQy0hyhk5q570wInTar1Rpjc5BVolfkCoUaPQrX71BwrNYaOSKWdv1aYpBzgxKrsS03MusSBkfs6HoOqpZLGyQz8+dknOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0E+RSpxkKzReLokwRTMjsdzKQRnBUE0cYN9LdSviIGcbRJVR2IfjLL6+S1mXNpzX/4apavy3iKMEpnMEF+HANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wZOPLA==</latexit><latexit sha1_base64="l++06PanQGZoi3Ov5mW8U7xXAes=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hVkR9Bj04jGCeUCyhNnJbDJkdnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUyUtUvrtra1vbG5tl3bKu3v7B4eVo+OWTTLDRZMnKjGdkFmhpBZNlKhEJzWCxaES7XB8N/PbT8JYmehHnKQiiNlQy0hyhk5q570wInTar1Rpjc5BVolfkCoUaPQrX71BwrNYaOSKWdv1aYpBzgxKrsS03MusSBkfs6HoOqpZLGyQz8+dknOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0E+RSpxkKzReLokwRTMjsdzKQRnBUE0cYN9LdSviIGcbRJVR2IfjLL6+S1mXNpzX/4apavy3iKMEpnMEF+HANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wZOPLA==</latexit><latexit sha1_base64="l++06PanQGZoi3Ov5mW8U7xXAes=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hVkR9Bj04jGCeUCyhNnJbDJkdnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUyUtUvrtra1vbG5tl3bKu3v7B4eVo+OWTTLDRZMnKjGdkFmhpBZNlKhEJzWCxaES7XB8N/PbT8JYmehHnKQiiNlQy0hyhk5q570wInTar1Rpjc5BVolfkCoUaPQrX71BwrNYaOSKWdv1aYpBzgxKrsS03MusSBkfs6HoOqpZLGyQz8+dknOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0E+RSpxkKzReLokwRTMjsdzKQRnBUE0cYN9LdSviIGcbRJVR2IfjLL6+S1mXNpzX/4apavy3iKMEpnMEF+HANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wZOPLA==</latexit><latexit sha1_base64="l++06PanQGZoi3Ov5mW8U7xXAes=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hVkR9Bj04jGCeUCyhNnJbDJkdnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUyUtUvrtra1vbG5tl3bKu3v7B4eVo+OWTTLDRZMnKjGdkFmhpBZNlKhEJzWCxaES7XB8N/PbT8JYmehHnKQiiNlQy0hyhk5q570wInTar1Rpjc5BVolfkCoUaPQrX71BwrNYaOSKWdv1aYpBzgxKrsS03MusSBkfs6HoOqpZLGyQz8+dknOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0E+RSpxkKzReLokwRTMjsdzKQRnBUE0cYN9LdSviIGcbRJVR2IfjLL6+S1mXNpzX/4apavy3iKMEpnMEF+HANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wZOPLA==</latexit>

1
<latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit>

2
<latexit sha1_base64="QbcRJnteX37UAY7Ih4/CGo/rk0E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mKoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIvXZwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf7iqNm6LOMpwBudwCT5cQwPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB8Sdjy4=</latexit><latexit sha1_base64="QbcRJnteX37UAY7Ih4/CGo/rk0E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mKoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIvXZwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf7iqNm6LOMpwBudwCT5cQwPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB8Sdjy4=</latexit><latexit sha1_base64="QbcRJnteX37UAY7Ih4/CGo/rk0E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mKoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIvXZwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf7iqNm6LOMpwBudwCT5cQwPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB8Sdjy4=</latexit><latexit sha1_base64="QbcRJnteX37UAY7Ih4/CGo/rk0E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mKoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIvXZwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf7iqNm6LOMpwBudwCT5cQwPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB8Sdjy4=</latexit>

fm
<latexit sha1_base64="jcooV2a3hKcUO/v0CxtSFacdza0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSEGYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuh9Sg4AoblluB7UQjlaHAVji+nfmtJ9SGx+rBThLsSTpUPOKMWie1s24YkUhO++WKX/XnIKskyEkFctT75a/uIGapRGWZoMZ0Aj+xvYxqy5nAaambGkwoG9MhdhxVVKLpZfN7p+TMKQMSxdqVsmSu/p7IqDRmIkPXKakdmWVvJv7ndVIbXfcyrpLUomKLRVEqiI3J7Hky4BqZFRNHKNPc3UrYiGrKrIuo5EIIll9eJc2LauBXg/vLSu0mj6MIJ3AK5xDAFdTgDurQAAYCnuEV3rxH78V79z4WrQUvnzmGP/A+fwDgZo/Z</latexit><latexit sha1_base64="jcooV2a3hKcUO/v0CxtSFacdza0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSEGYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuh9Sg4AoblluB7UQjlaHAVji+nfmtJ9SGx+rBThLsSTpUPOKMWie1s24YkUhO++WKX/XnIKskyEkFctT75a/uIGapRGWZoMZ0Aj+xvYxqy5nAaambGkwoG9MhdhxVVKLpZfN7p+TMKQMSxdqVsmSu/p7IqDRmIkPXKakdmWVvJv7ndVIbXfcyrpLUomKLRVEqiI3J7Hky4BqZFRNHKNPc3UrYiGrKrIuo5EIIll9eJc2LauBXg/vLSu0mj6MIJ3AK5xDAFdTgDurQAAYCnuEV3rxH78V79z4WrQUvnzmGP/A+fwDgZo/Z</latexit><latexit sha1_base64="jcooV2a3hKcUO/v0CxtSFacdza0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSEGYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuh9Sg4AoblluB7UQjlaHAVji+nfmtJ9SGx+rBThLsSTpUPOKMWie1s24YkUhO++WKX/XnIKskyEkFctT75a/uIGapRGWZoMZ0Aj+xvYxqy5nAaambGkwoG9MhdhxVVKLpZfN7p+TMKQMSxdqVsmSu/p7IqDRmIkPXKakdmWVvJv7ndVIbXfcyrpLUomKLRVEqiI3J7Hky4BqZFRNHKNPc3UrYiGrKrIuo5EIIll9eJc2LauBXg/vLSu0mj6MIJ3AK5xDAFdTgDurQAAYCnuEV3rxH78V79z4WrQUvnzmGP/A+fwDgZo/Z</latexit><latexit sha1_base64="jcooV2a3hKcUO/v0CxtSFacdza0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSEGYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuh9Sg4AoblluB7UQjlaHAVji+nfmtJ9SGx+rBThLsSTpUPOKMWie1s24YkUhO++WKX/XnIKskyEkFctT75a/uIGapRGWZoMZ0Aj+xvYxqy5nAaambGkwoG9MhdhxVVKLpZfN7p+TMKQMSxdqVsmSu/p7IqDRmIkPXKakdmWVvJv7ndVIbXfcyrpLUomKLRVEqiI3J7Hky4BqZFRNHKNPc3UrYiGrKrIuo5EIIll9eJc2LauBXg/vLSu0mj6MIJ3AK5xDAFdTgDurQAAYCnuEV3rxH78V79z4WrQUvnzmGP/A+fwDgZo/Z</latexit>

0.5
<latexit sha1_base64="RhwBZmJ1jNDuCcw3O6VpCxMtotQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRU9S8OKxgq2VdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzolRwYzH+9korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodDP1H56YNjxR93acslCSgeIxp8Q66THvRjHC/sWkV61hH8+AlklQkBoUaPSqX91+QjPJlKWCGNMJcGrDnGjLqWCTSjczLCV0RAas46gikpkwnx08QSdO6aM40a6URTP190ROpDFjGblOSezQLHpT8T+vk9n4Ksy5SjPLFJ0vijOBbIKm36M+14xaMXaEUM3drYgOiSbUuowqLoRg8eVl0jrzA+wHd+e1+nURRxmO4BhOIYBLqMMtNKAJFCQ8wyu8edp78d69j3lryStmDuEPvM8fpMuPnw==</latexit><latexit sha1_base64="RhwBZmJ1jNDuCcw3O6VpCxMtotQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRU9S8OKxgq2VdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzolRwYzH+9korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodDP1H56YNjxR93acslCSgeIxp8Q66THvRjHC/sWkV61hH8+AlklQkBoUaPSqX91+QjPJlKWCGNMJcGrDnGjLqWCTSjczLCV0RAas46gikpkwnx08QSdO6aM40a6URTP190ROpDFjGblOSezQLHpT8T+vk9n4Ksy5SjPLFJ0vijOBbIKm36M+14xaMXaEUM3drYgOiSbUuowqLoRg8eVl0jrzA+wHd+e1+nURRxmO4BhOIYBLqMMtNKAJFCQ8wyu8edp78d69j3lryStmDuEPvM8fpMuPnw==</latexit><latexit sha1_base64="RhwBZmJ1jNDuCcw3O6VpCxMtotQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRU9S8OKxgq2VdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzolRwYzH+9korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodDP1H56YNjxR93acslCSgeIxp8Q66THvRjHC/sWkV61hH8+AlklQkBoUaPSqX91+QjPJlKWCGNMJcGrDnGjLqWCTSjczLCV0RAas46gikpkwnx08QSdO6aM40a6URTP190ROpDFjGblOSezQLHpT8T+vk9n4Ksy5SjPLFJ0vijOBbIKm36M+14xaMXaEUM3drYgOiSbUuowqLoRg8eVl0jrzA+wHd+e1+nURRxmO4BhOIYBLqMMtNKAJFCQ8wyu8edp78d69j3lryStmDuEPvM8fpMuPnw==</latexit><latexit sha1_base64="RhwBZmJ1jNDuCcw3O6VpCxMtotQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRU9S8OKxgq2VdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzolRwYzH+9korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodDP1H56YNjxR93acslCSgeIxp8Q66THvRjHC/sWkV61hH8+AlklQkBoUaPSqX91+QjPJlKWCGNMJcGrDnGjLqWCTSjczLCV0RAas46gikpkwnx08QSdO6aM40a6URTP190ROpDFjGblOSezQLHpT8T+vk9n4Ksy5SjPLFJ0vijOBbIKm36M+14xaMXaEUM3drYgOiSbUuowqLoRg8eVl0jrzA+wHd+e1+nURRxmO4BhOIYBLqMMtNKAJFCQ8wyu8edp78d69j3lryStmDuEPvM8fpMuPnw==</latexit>

1.5
<latexit sha1_base64="9CYH6enllnACwGPRYgM3GJ8tNbM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRU9S8OKxgq2VdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzolRwY4Pg2yutrK6tb5Q3K1vbO7t71f2DlkkyTVmTJiLR7YgYJrhiTcutYO1UMyIjwR6i0c3Uf3hi2vBE3dtxykJJBorHnBLrpMe8G8UI+xeTXrUW+MEMaJnggtSgQKNX/er2E5pJpiwVxJgODlIb5kRbTgWbVLqZYSmhIzJgHUcVkcyE+ezgCTpxSh/FiXalLJqpvydyIo0Zy8h1SmKHZtGbiv95nczGV2HOVZpZpuh8UZwJZBM0/R71uWbUirEjhGrubkV0SDSh1mVUcSHgxZeXSevMx4GP785r9esijjIcwTGcAoZLqMMtNKAJFCQ8wyu8edp78d69j3lryStmDuEPvM8fplKPoA==</latexit><latexit sha1_base64="9CYH6enllnACwGPRYgM3GJ8tNbM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRU9S8OKxgq2VdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzolRwY4Pg2yutrK6tb5Q3K1vbO7t71f2DlkkyTVmTJiLR7YgYJrhiTcutYO1UMyIjwR6i0c3Uf3hi2vBE3dtxykJJBorHnBLrpMe8G8UI+xeTXrUW+MEMaJnggtSgQKNX/er2E5pJpiwVxJgODlIb5kRbTgWbVLqZYSmhIzJgHUcVkcyE+ezgCTpxSh/FiXalLJqpvydyIo0Zy8h1SmKHZtGbiv95nczGV2HOVZpZpuh8UZwJZBM0/R71uWbUirEjhGrubkV0SDSh1mVUcSHgxZeXSevMx4GP785r9esijjIcwTGcAoZLqMMtNKAJFCQ8wyu8edp78d69j3lryStmDuEPvM8fplKPoA==</latexit><latexit sha1_base64="9CYH6enllnACwGPRYgM3GJ8tNbM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRU9S8OKxgq2VdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzolRwY4Pg2yutrK6tb5Q3K1vbO7t71f2DlkkyTVmTJiLR7YgYJrhiTcutYO1UMyIjwR6i0c3Uf3hi2vBE3dtxykJJBorHnBLrpMe8G8UI+xeTXrUW+MEMaJnggtSgQKNX/er2E5pJpiwVxJgODlIb5kRbTgWbVLqZYSmhIzJgHUcVkcyE+ezgCTpxSh/FiXalLJqpvydyIo0Zy8h1SmKHZtGbiv95nczGV2HOVZpZpuh8UZwJZBM0/R71uWbUirEjhGrubkV0SDSh1mVUcSHgxZeXSevMx4GP785r9esijjIcwTGcAoZLqMMtNKAJFCQ8wyu8edp78d69j3lryStmDuEPvM8fplKPoA==</latexit><latexit sha1_base64="9CYH6enllnACwGPRYgM3GJ8tNbM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRU9S8OKxgq2VdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzolRwY4Pg2yutrK6tb5Q3K1vbO7t71f2DlkkyTVmTJiLR7YgYJrhiTcutYO1UMyIjwR6i0c3Uf3hi2vBE3dtxykJJBorHnBLrpMe8G8UI+xeTXrUW+MEMaJnggtSgQKNX/er2E5pJpiwVxJgODlIb5kRbTgWbVLqZYSmhIzJgHUcVkcyE+ezgCTpxSh/FiXalLJqpvydyIo0Zy8h1SmKHZtGbiv95nczGV2HOVZpZpuh8UZwJZBM0/R71uWbUirEjhGrubkV0SDSh1mVUcSHgxZeXSevMx4GP785r9esijjIcwTGcAoZLqMMtNKAJFCQ8wyu8edp78d69j3lryStmDuEPvM8fplKPoA==</latexit>

In[143]:= r := 0.4
d := 1.8
a := d * Sqrt@0.75D
density = 1 ê d^3 ê 0.16

Plot3D@Exp@-HHx + d ê 2L^2 + y^2L ê r^2D +
Exp@-HHx - d ê 2L^2 + y^2L ê r^2 D + Exp@-Hx^2 + Hy - aL^2L ê r^2D +
Exp@-Hx^2 + Hy + aL^2L ê r^2D, 8x, -1.52, 1.52<, 8y, -2.0, 2.0<D

Out[146]= 1.07167

Out[147]=

In[173]:= r := 0.4
d := 1.08
a := d * Sqrt@0.75D
density = 1 ê d^3 ê 0.16

Plot3D@Exp@-HHx + d ê 2L^2 + y^2L ê r^2D +
Exp@-HHx - d ê 2L^2 + y^2L ê r^2 D + Exp@-Hx^2 + Hy - aL^2L ê r^2D +
Exp@-Hx^2 + Hy + aL^2L ê r^2D, 8x, -1.0, 1.0<, 8y, -1.5, 1.5<D

Out[176]= 4.96145

Out[177]=

0
<latexit sha1_base64="l++06PanQGZoi3Ov5mW8U7xXAes=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hVkR9Bj04jGCeUCyhNnJbDJkdnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUyUtUvrtra1vbG5tl3bKu3v7B4eVo+OWTTLDRZMnKjGdkFmhpBZNlKhEJzWCxaES7XB8N/PbT8JYmehHnKQiiNlQy0hyhk5q570wInTar1Rpjc5BVolfkCoUaPQrX71BwrNYaOSKWdv1aYpBzgxKrsS03MusSBkfs6HoOqpZLGyQz8+dknOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0E+RSpxkKzReLokwRTMjsdzKQRnBUE0cYN9LdSviIGcbRJVR2IfjLL6+S1mXNpzX/4apavy3iKMEpnMEF+HANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wZOPLA==</latexit><latexit sha1_base64="l++06PanQGZoi3Ov5mW8U7xXAes=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hVkR9Bj04jGCeUCyhNnJbDJkdnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUyUtUvrtra1vbG5tl3bKu3v7B4eVo+OWTTLDRZMnKjGdkFmhpBZNlKhEJzWCxaES7XB8N/PbT8JYmehHnKQiiNlQy0hyhk5q570wInTar1Rpjc5BVolfkCoUaPQrX71BwrNYaOSKWdv1aYpBzgxKrsS03MusSBkfs6HoOqpZLGyQz8+dknOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0E+RSpxkKzReLokwRTMjsdzKQRnBUE0cYN9LdSviIGcbRJVR2IfjLL6+S1mXNpzX/4apavy3iKMEpnMEF+HANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wZOPLA==</latexit><latexit sha1_base64="l++06PanQGZoi3Ov5mW8U7xXAes=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hVkR9Bj04jGCeUCyhNnJbDJkdnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUyUtUvrtra1vbG5tl3bKu3v7B4eVo+OWTTLDRZMnKjGdkFmhpBZNlKhEJzWCxaES7XB8N/PbT8JYmehHnKQiiNlQy0hyhk5q570wInTar1Rpjc5BVolfkCoUaPQrX71BwrNYaOSKWdv1aYpBzgxKrsS03MusSBkfs6HoOqpZLGyQz8+dknOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0E+RSpxkKzReLokwRTMjsdzKQRnBUE0cYN9LdSviIGcbRJVR2IfjLL6+S1mXNpzX/4apavy3iKMEpnMEF+HANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wZOPLA==</latexit><latexit sha1_base64="l++06PanQGZoi3Ov5mW8U7xXAes=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hVkR9Bj04jGCeUCyhNnJbDJkdnaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUyUtUvrtra1vbG5tl3bKu3v7B4eVo+OWTTLDRZMnKjGdkFmhpBZNlKhEJzWCxaES7XB8N/PbT8JYmehHnKQiiNlQy0hyhk5q570wInTar1Rpjc5BVolfkCoUaPQrX71BwrNYaOSKWdv1aYpBzgxKrsS03MusSBkfs6HoOqpZLGyQz8+dknOnDEiUGFcayVz9PZGz2NpJHLrOmOHILnsz8T+vm2F0E+RSpxkKzReLokwRTMjsdzKQRnBUE0cYN9LdSviIGcbRJVR2IfjLL6+S1mXNpzX/4apavy3iKMEpnMEF+HANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wZOPLA==</latexit>

1
<latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit>

3
<latexit sha1_base64="CBd7YhMHruGC9zGdbgPy8qBsD80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqpk/WDkFzOBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPEzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y693BVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwB87nD8Yijy8=</latexit><latexit sha1_base64="CBd7YhMHruGC9zGdbgPy8qBsD80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqpk/WDkFzOBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPEzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y693BVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwB87nD8Yijy8=</latexit><latexit sha1_base64="CBd7YhMHruGC9zGdbgPy8qBsD80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqpk/WDkFzOBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPEzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y693BVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwB87nD8Yijy8=</latexit><latexit sha1_base64="CBd7YhMHruGC9zGdbgPy8qBsD80=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqpk/WDkFzOBtWaW3fnIKvEK0gNCjQH1a/+MGZpxBUySY3peW6CfkY1Cib5rNJPDU8om9AR71mqaMSNn83PnZEzqwxJGGtbCslc/T2R0ciYaRTYzoji2Cx7ufif10sxvPEzoZIUuWKLRWEqCcYk/50MheYM5dQSyrSwtxI2ppoytAlVbAje8surpH1R99y693BVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwB87nD8Yijy8=</latexit>

2
<latexit sha1_base64="QbcRJnteX37UAY7Ih4/CGo/rk0E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mKoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIvXZwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf7iqNm6LOMpwBudwCT5cQwPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB8Sdjy4=</latexit><latexit sha1_base64="QbcRJnteX37UAY7Ih4/CGo/rk0E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mKoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIvXZwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf7iqNm6LOMpwBudwCT5cQwPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB8Sdjy4=</latexit><latexit sha1_base64="QbcRJnteX37UAY7Ih4/CGo/rk0E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mKoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIvXZwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf7iqNm6LOMpwBudwCT5cQwPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB8Sdjy4=</latexit><latexit sha1_base64="QbcRJnteX37UAY7Ih4/CGo/rk0E=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mKoMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIvXZwK16NW8Bsk78glShQHPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpF2v+V7Nf7iqNm6LOMpwBudwCT5cQwPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB8Sdjy4=</latexit>

fm
<latexit sha1_base64="jcooV2a3hKcUO/v0CxtSFacdza0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSEGYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuh9Sg4AoblluB7UQjlaHAVji+nfmtJ9SGx+rBThLsSTpUPOKMWie1s24YkUhO++WKX/XnIKskyEkFctT75a/uIGapRGWZoMZ0Aj+xvYxqy5nAaambGkwoG9MhdhxVVKLpZfN7p+TMKQMSxdqVsmSu/p7IqDRmIkPXKakdmWVvJv7ndVIbXfcyrpLUomKLRVEqiI3J7Hky4BqZFRNHKNPc3UrYiGrKrIuo5EIIll9eJc2LauBXg/vLSu0mj6MIJ3AK5xDAFdTgDurQAAYCnuEV3rxH78V79z4WrQUvnzmGP/A+fwDgZo/Z</latexit><latexit sha1_base64="jcooV2a3hKcUO/v0CxtSFacdza0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSEGYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuh9Sg4AoblluB7UQjlaHAVji+nfmtJ9SGx+rBThLsSTpUPOKMWie1s24YkUhO++WKX/XnIKskyEkFctT75a/uIGapRGWZoMZ0Aj+xvYxqy5nAaambGkwoG9MhdhxVVKLpZfN7p+TMKQMSxdqVsmSu/p7IqDRmIkPXKakdmWVvJv7ndVIbXfcyrpLUomKLRVEqiI3J7Hky4BqZFRNHKNPc3UrYiGrKrIuo5EIIll9eJc2LauBXg/vLSu0mj6MIJ3AK5xDAFdTgDurQAAYCnuEV3rxH78V79z4WrQUvnzmGP/A+fwDgZo/Z</latexit><latexit sha1_base64="jcooV2a3hKcUO/v0CxtSFacdza0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSEGYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuh9Sg4AoblluB7UQjlaHAVji+nfmtJ9SGx+rBThLsSTpUPOKMWie1s24YkUhO++WKX/XnIKskyEkFctT75a/uIGapRGWZoMZ0Aj+xvYxqy5nAaambGkwoG9MhdhxVVKLpZfN7p+TMKQMSxdqVsmSu/p7IqDRmIkPXKakdmWVvJv7ndVIbXfcyrpLUomKLRVEqiI3J7Hky4BqZFRNHKNPc3UrYiGrKrIuo5EIIll9eJc2LauBXg/vLSu0mj6MIJ3AK5xDAFdTgDurQAAYCnuEV3rxH78V79z4WrQUvnzmGP/A+fwDgZo/Z</latexit><latexit sha1_base64="jcooV2a3hKcUO/v0CxtSFacdza0=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSEGYnvcmQmdl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqmjjVDBssFrFuh9Sg4AoblluB7UQjlaHAVji+nfmtJ9SGx+rBThLsSTpUPOKMWie1s24YkUhO++WKX/XnIKskyEkFctT75a/uIGapRGWZoMZ0Aj+xvYxqy5nAaambGkwoG9MhdhxVVKLpZfN7p+TMKQMSxdqVsmSu/p7IqDRmIkPXKakdmWVvJv7ndVIbXfcyrpLUomKLRVEqiI3J7Hky4BqZFRNHKNPc3UrYiGrKrIuo5EIIll9eJc2LauBXg/vLSu0mj6MIJ3AK5xDAFdTgDurQAAYCnuEV3rxH78V79z4WrQUvnzmGP/A+fwDgZo/Z</latexit>
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Densities and 
Distance Scales in 
Baryonic Matter

1.0
<latexit sha1_base64="AgaZahg1IBEFG3QETYqpJ8b+yng=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05KVgh4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApuLMbfXmljc2t7p7xb2ds/ODyqHp+0TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1okmt3O/88S04Yl6sNOUhZKMFI85JdZJj3k/ilHg49mgWsM+XgCtk6AgNSjQHFS/+sOEZpIpSwUxphfg1IY50ZZTwWaVfmZYSuiEjFjPUUUkM2G+OHiGLpwyRHGiXSmLFurviZxIY6Yycp2S2LFZ9ebif14vs/FNmHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GVVcCMHqy+ukfeUH2A/u67VGvYijDGdwDpcQwDU04A6a0AIKEp7hFd487b14797HsrXkFTOn8Afe5w+bt4+R</latexit><latexit sha1_base64="AgaZahg1IBEFG3QETYqpJ8b+yng=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05KVgh4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApuLMbfXmljc2t7p7xb2ds/ODyqHp+0TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1okmt3O/88S04Yl6sNOUhZKMFI85JdZJj3k/ilHg49mgWsM+XgCtk6AgNSjQHFS/+sOEZpIpSwUxphfg1IY50ZZTwWaVfmZYSuiEjFjPUUUkM2G+OHiGLpwyRHGiXSmLFurviZxIY6Yycp2S2LFZ9ebif14vs/FNmHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GVVcCMHqy+ukfeUH2A/u67VGvYijDGdwDpcQwDU04A6a0AIKEp7hFd487b14797HsrXkFTOn8Afe5w+bt4+R</latexit><latexit sha1_base64="AgaZahg1IBEFG3QETYqpJ8b+yng=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05KVgh4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApuLMbfXmljc2t7p7xb2ds/ODyqHp+0TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1okmt3O/88S04Yl6sNOUhZKMFI85JdZJj3k/ilHg49mgWsM+XgCtk6AgNSjQHFS/+sOEZpIpSwUxphfg1IY50ZZTwWaVfmZYSuiEjFjPUUUkM2G+OHiGLpwyRHGiXSmLFurviZxIY6Yycp2S2LFZ9ebif14vs/FNmHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GVVcCMHqy+ukfeUH2A/u67VGvYijDGdwDpcQwDU04A6a0AIKEp7hFd487b14797HsrXkFTOn8Afe5w+bt4+R</latexit><latexit sha1_base64="AgaZahg1IBEFG3QETYqpJ8b+yng=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05KVgh4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApuLMbfXmljc2t7p7xb2ds/ODyqHp+0TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1okmt3O/88S04Yl6sNOUhZKMFI85JdZJj3k/ilHg49mgWsM+XgCtk6AgNSjQHFS/+sOEZpIpSwUxphfg1IY50ZZTwWaVfmZYSuiEjFjPUUUkM2G+OHiGLpwyRHGiXSmLFurviZxIY6Yycp2S2LFZ9ebif14vs/FNmHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GVVcCMHqy+ukfeUH2A/u67VGvYijDGdwDpcQwDU04A6a0AIKEp7hFd487b14797HsrXkFTOn8Afe5w+bt4+R</latexit>

1.2
<latexit sha1_base64="L2OdwDz+CsYEljfwRVrTCDSk3UE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbshoMeAF48RzEOSJcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuurvilDNjg+Db29jc2t7ZLe2V9w8Oj44rJ6dtozJNaIsornQ3xoZyJmnLMstpN9UUi5jTTjy5nfudJ6oNU/LBTlMaCTySLGEEWyc95v04QaFfmw0q1cAPFkDrJCxIFQo0B5Wv/lCRTFBpCcfG9MIgtVGOtWWE01m5nxmaYjLBI9pzVGJBTZQvDp6hS6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0Px7NGSaEsunjmCimbsVkTHWmFiXUdmFEK6+vE7aNT8M/PC+Xm3UizhKcA4XcAUhXEMD7qAJLSAg4Ble4c3T3ov37n0sWze8YuYM/sD7/AGewY+T</latexit><latexit sha1_base64="L2OdwDz+CsYEljfwRVrTCDSk3UE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbshoMeAF48RzEOSJcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuurvilDNjg+Db29jc2t7ZLe2V9w8Oj44rJ6dtozJNaIsornQ3xoZyJmnLMstpN9UUi5jTTjy5nfudJ6oNU/LBTlMaCTySLGEEWyc95v04QaFfmw0q1cAPFkDrJCxIFQo0B5Wv/lCRTFBpCcfG9MIgtVGOtWWE01m5nxmaYjLBI9pzVGJBTZQvDp6hS6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0Px7NGSaEsunjmCimbsVkTHWmFiXUdmFEK6+vE7aNT8M/PC+Xm3UizhKcA4XcAUhXEMD7qAJLSAg4Ble4c3T3ov37n0sWze8YuYM/sD7/AGewY+T</latexit><latexit sha1_base64="L2OdwDz+CsYEljfwRVrTCDSk3UE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbshoMeAF48RzEOSJcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuurvilDNjg+Db29jc2t7ZLe2V9w8Oj44rJ6dtozJNaIsornQ3xoZyJmnLMstpN9UUi5jTTjy5nfudJ6oNU/LBTlMaCTySLGEEWyc95v04QaFfmw0q1cAPFkDrJCxIFQo0B5Wv/lCRTFBpCcfG9MIgtVGOtWWE01m5nxmaYjLBI9pzVGJBTZQvDp6hS6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0Px7NGSaEsunjmCimbsVkTHWmFiXUdmFEK6+vE7aNT8M/PC+Xm3UizhKcA4XcAUhXEMD7qAJLSAg4Ble4c3T3ov37n0sWze8YuYM/sD7/AGewY+T</latexit><latexit sha1_base64="L2OdwDz+CsYEljfwRVrTCDSk3UE=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbshoMeAF48RzEOSJcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuurvilDNjg+Db29jc2t7ZLe2V9w8Oj44rJ6dtozJNaIsornQ3xoZyJmnLMstpN9UUi5jTTjy5nfudJ6oNU/LBTlMaCTySLGEEWyc95v04QaFfmw0q1cAPFkDrJCxIFQo0B5Wv/lCRTFBpCcfG9MIgtVGOtWWE01m5nxmaYjLBI9pzVGJBTZQvDp6hS6cMUaK0K2nRQv09kWNhzFTErlNgOzar3lz8z+tlNrmJcibTzFJJlouSjCOr0Px7NGSaEsunjmCimbsVkTHWmFiXUdmFEK6+vE7aNT8M/PC+Xm3UizhKcA4XcAUhXEMD7qAJLSAg4Ble4c3T3ov37n0sWze8YuYM/sD7/AGewY+T</latexit>

1.4
<latexit sha1_base64="JS/BeG+joHZ6la6bmYA1f3GfQc4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07KRgh4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApubBB8e6WNza3tnfJuZW//4PCoenzSNkmmKWvRRCS6GxHDBFesZbkVrJtqRmQkWCea3M79zhPThifqwU5TFkoyUjzmlFgnPeb9KEbYr88G1VrgBwugdYILUoMCzUH1qz9MaCaZslQQY3o4SG2YE205FWxW6WeGpYROyIj1HFVEMhPmi4Nn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MhvfhDlXaWaZostFcSaQTdD8ezTkmlErpo4Qqrm7FdEx0YRal1HFhYBXX14n7SsfBz6+r9ca9SKOMpzBOVwChmtowB00oQUUJDzDK7x52nvx3r2PZWvJK2ZO4Q+8zx+hy4+V</latexit><latexit sha1_base64="JS/BeG+joHZ6la6bmYA1f3GfQc4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07KRgh4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApubBB8e6WNza3tnfJuZW//4PCoenzSNkmmKWvRRCS6GxHDBFesZbkVrJtqRmQkWCea3M79zhPThifqwU5TFkoyUjzmlFgnPeb9KEbYr88G1VrgBwugdYILUoMCzUH1qz9MaCaZslQQY3o4SG2YE205FWxW6WeGpYROyIj1HFVEMhPmi4Nn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MhvfhDlXaWaZostFcSaQTdD8ezTkmlErpo4Qqrm7FdEx0YRal1HFhYBXX14n7SsfBz6+r9ca9SKOMpzBOVwChmtowB00oQUUJDzDK7x52nvx3r2PZWvJK2ZO4Q+8zx+hy4+V</latexit><latexit sha1_base64="JS/BeG+joHZ6la6bmYA1f3GfQc4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07KRgh4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApubBB8e6WNza3tnfJuZW//4PCoenzSNkmmKWvRRCS6GxHDBFesZbkVrJtqRmQkWCea3M79zhPThifqwU5TFkoyUjzmlFgnPeb9KEbYr88G1VrgBwugdYILUoMCzUH1qz9MaCaZslQQY3o4SG2YE205FWxW6WeGpYROyIj1HFVEMhPmi4Nn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MhvfhDlXaWaZostFcSaQTdD8ezTkmlErpo4Qqrm7FdEx0YRal1HFhYBXX14n7SsfBz6+r9ca9SKOMpzBOVwChmtowB00oQUUJDzDK7x52nvx3r2PZWvJK2ZO4Q+8zx+hy4+V</latexit><latexit sha1_base64="JS/BeG+joHZ6la6bmYA1f3GfQc4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07KRgh4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApubBB8e6WNza3tnfJuZW//4PCoenzSNkmmKWvRRCS6GxHDBFesZbkVrJtqRmQkWCea3M79zhPThifqwU5TFkoyUjzmlFgnPeb9KEbYr88G1VrgBwugdYILUoMCzUH1qz9MaCaZslQQY3o4SG2YE205FWxW6WeGpYROyIj1HFVEMhPmi4Nn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MhvfhDlXaWaZostFcSaQTdD8ezTkmlErpo4Qqrm7FdEx0YRal1HFhYBXX14n7SsfBz6+r9ca9SKOMpzBOVwChmtowB00oQUUJDzDK7x52nvx3r2PZWvJK2ZO4Q+8zx+hy4+V</latexit>

1.6
<latexit sha1_base64="dawP83uOR09lScqjiqX54/Sdug4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0371VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxvfhDlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVL4s4ynACp3AOGK6hDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApNWPlw==</latexit><latexit sha1_base64="dawP83uOR09lScqjiqX54/Sdug4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0371VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxvfhDlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVL4s4ynACp3AOGK6hDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApNWPlw==</latexit><latexit sha1_base64="dawP83uOR09lScqjiqX54/Sdug4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0371VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxvfhDlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVL4s4ynACp3AOGK6hDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApNWPlw==</latexit><latexit sha1_base64="dawP83uOR09lScqjiqX54/Sdug4=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0371VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxvfhDlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVL4s4ynACp3AOGK6hDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApNWPlw==</latexit>

1.8
<latexit sha1_base64="TCfR3UPT5UdWd3FhsPmo0fEc5t0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRwR4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApubBB8e6WNza3tnfJuZW//4PCoenzSNkmmKWvRRCS6GxHDBFesZbkVrJtqRmQkWCea3M79zhPThifqwU5TFkoyUjzmlFgnPeb9KEbYr88G1VrgBwugdYILUoMCzUH1qz9MaCaZslQQY3o4SG2YE205FWxW6WeGpYROyIj1HFVEMhPmi4Nn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MhvXw5yrNLNM0eWiOBPIJmj+PRpyzagVU0cI1dzdiuiYaEKty6jiQsCrL6+T9pWPAx/fX9ca10UcZTiDc7gEDDfQgDtoQgsoSHiGV3jztPfivXsfy9aSV8ycwh94nz+n34+Z</latexit><latexit sha1_base64="TCfR3UPT5UdWd3FhsPmo0fEc5t0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRwR4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApubBB8e6WNza3tnfJuZW//4PCoenzSNkmmKWvRRCS6GxHDBFesZbkVrJtqRmQkWCea3M79zhPThifqwU5TFkoyUjzmlFgnPeb9KEbYr88G1VrgBwugdYILUoMCzUH1qz9MaCaZslQQY3o4SG2YE205FWxW6WeGpYROyIj1HFVEMhPmi4Nn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MhvXw5yrNLNM0eWiOBPIJmj+PRpyzagVU0cI1dzdiuiYaEKty6jiQsCrL6+T9pWPAx/fX9ca10UcZTiDc7gEDDfQgDtoQgsoSHiGV3jztPfivXsfy9aSV8ycwh94nz+n34+Z</latexit><latexit sha1_base64="TCfR3UPT5UdWd3FhsPmo0fEc5t0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRwR4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApubBB8e6WNza3tnfJuZW//4PCoenzSNkmmKWvRRCS6GxHDBFesZbkVrJtqRmQkWCea3M79zhPThifqwU5TFkoyUjzmlFgnPeb9KEbYr88G1VrgBwugdYILUoMCzUH1qz9MaCaZslQQY3o4SG2YE205FWxW6WeGpYROyIj1HFVEMhPmi4Nn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MhvXw5yrNLNM0eWiOBPIJmj+PRpyzagVU0cI1dzdiuiYaEKty6jiQsCrL6+T9pWPAx/fX9ca10UcZTiDc7gEDDfQgDtoQgsoSHiGV3jztPfivXsfy9aSV8ycwh94nz+n34+Z</latexit><latexit sha1_base64="TCfR3UPT5UdWd3FhsPmo0fEc5t0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRwR4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApubBB8e6WNza3tnfJuZW//4PCoenzSNkmmKWvRRCS6GxHDBFesZbkVrJtqRmQkWCea3M79zhPThifqwU5TFkoyUjzmlFgnPeb9KEbYr88G1VrgBwugdYILUoMCzUH1qz9MaCaZslQQY3o4SG2YE205FWxW6WeGpYROyIj1HFVEMhPmi4Nn6MIpQxQn2pWyaKH+nsiJNGYqI9cpiR2bVW8u/uf1MhvXw5yrNLNM0eWiOBPIJmj+PRpyzagVU0cI1dzdiuiYaEKty6jiQsCrL6+T9pWPAx/fX9ca10UcZTiDc7gEDDfQgDtoQgsoSHiGV3jztPfivXsfy9aSV8ycwh94nz+n34+Z</latexit>

2.0
<latexit sha1_base64="2SYYQ/5EQxcSsYcTU2yDBhW8Bjo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrKloMeCF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXpYIbi/G3t7G5tb2zW9or7x8cHh1XTk7bJsk0ZS2aiER3I2KY4Iq1LLeCdVPNiIwE60ST27nfeWLa8EQ92GnKQklGisecEuukx7wfxajm49mgUsU+XgCtk6AgVSjQHFS++sOEZpIpSwUxphfg1IY50ZZTwWblfmZYSuiEjFjPUUUkM2G+OHiGLp0yRHGiXSmLFurviZxIY6Yycp2S2LFZ9ebif14vs/FNmHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GZVdCMHqy+ukXfMD7Af39WqjXsRRgnO4gCsI4BoacAdNaAEFCc/wCm+e9l68d+9j2brhFTNn8Afe5w+dPo+S</latexit><latexit sha1_base64="2SYYQ/5EQxcSsYcTU2yDBhW8Bjo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrKloMeCF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXpYIbi/G3t7G5tb2zW9or7x8cHh1XTk7bJsk0ZS2aiER3I2KY4Iq1LLeCdVPNiIwE60ST27nfeWLa8EQ92GnKQklGisecEuukx7wfxajm49mgUsU+XgCtk6AgVSjQHFS++sOEZpIpSwUxphfg1IY50ZZTwWblfmZYSuiEjFjPUUUkM2G+OHiGLp0yRHGiXSmLFurviZxIY6Yycp2S2LFZ9ebif14vs/FNmHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GZVdCMHqy+ukXfMD7Af39WqjXsRRgnO4gCsI4BoacAdNaAEFCc/wCm+e9l68d+9j2brhFTNn8Afe5w+dPo+S</latexit><latexit sha1_base64="2SYYQ/5EQxcSsYcTU2yDBhW8Bjo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrKloMeCF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXpYIbi/G3t7G5tb2zW9or7x8cHh1XTk7bJsk0ZS2aiER3I2KY4Iq1LLeCdVPNiIwE60ST27nfeWLa8EQ92GnKQklGisecEuukx7wfxajm49mgUsU+XgCtk6AgVSjQHFS++sOEZpIpSwUxphfg1IY50ZZTwWblfmZYSuiEjFjPUUUkM2G+OHiGLp0yRHGiXSmLFurviZxIY6Yycp2S2LFZ9ebif14vs/FNmHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GZVdCMHqy+ukXfMD7Af39WqjXsRRgnO4gCsI4BoacAdNaAEFCc/wCm+e9l68d+9j2brhFTNn8Afe5w+dPo+S</latexit><latexit sha1_base64="2SYYQ/5EQxcSsYcTU2yDBhW8Bjo=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrKloMeCF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXpYIbi/G3t7G5tb2zW9or7x8cHh1XTk7bJsk0ZS2aiER3I2KY4Iq1LLeCdVPNiIwE60ST27nfeWLa8EQ92GnKQklGisecEuukx7wfxajm49mgUsU+XgCtk6AgVSjQHFS++sOEZpIpSwUxphfg1IY50ZZTwWblfmZYSuiEjFjPUUUkM2G+OHiGLp0yRHGiXSmLFurviZxIY6Yycp2S2LFZ9ebif14vs/FNmHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GZVdCMHqy+ukXfMD7Af39WqjXsRRgnO4gCsI4BoacAdNaAEFCc/wCm+e9l68d+9j2brhFTNn8Afe5w+dPo+S</latexit>

0.8
<latexit sha1_base64="eo+HG3zYyLC3yTquHyorzyrZJDM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVwR4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApuLMbfXmljc2t7p7xb2ds/ODyqHp+0TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1okmt3O/88S04Yl6sNOUhZKMFI85JdZJj3k/ihH267NBtYZ9vABaJ0FBalCgOah+9YcJzSRTlgpiTC/AqQ1zoi2ngs0q/cywlNAJGbGeo4pIZsJ8cfAMXThliOJEu1IWLdTfEzmRxkxl5DolsWOz6s3F/7xeZuN6mHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GVVcCMHqy+ukfeUH2A/ur2uN6yKOMpzBOVxCADfQgDtoQgsoSHiGV3jztPfivXsfy9aSV8ycwh94nz+mWI+Y</latexit><latexit sha1_base64="eo+HG3zYyLC3yTquHyorzyrZJDM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVwR4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApuLMbfXmljc2t7p7xb2ds/ODyqHp+0TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1okmt3O/88S04Yl6sNOUhZKMFI85JdZJj3k/ihH267NBtYZ9vABaJ0FBalCgOah+9YcJzSRTlgpiTC/AqQ1zoi2ngs0q/cywlNAJGbGeo4pIZsJ8cfAMXThliOJEu1IWLdTfEzmRxkxl5DolsWOz6s3F/7xeZuN6mHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GVVcCMHqy+ukfeUH2A/ur2uN6yKOMpzBOVxCADfQgDtoQgsoSHiGV3jztPfivXsfy9aSV8ycwh94nz+mWI+Y</latexit><latexit sha1_base64="eo+HG3zYyLC3yTquHyorzyrZJDM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVwR4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApuLMbfXmljc2t7p7xb2ds/ODyqHp+0TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1okmt3O/88S04Yl6sNOUhZKMFI85JdZJj3k/ihH267NBtYZ9vABaJ0FBalCgOah+9YcJzSRTlgpiTC/AqQ1zoi2ngs0q/cywlNAJGbGeo4pIZsJ8cfAMXThliOJEu1IWLdTfEzmRxkxl5DolsWOz6s3F/7xeZuN6mHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GVVcCMHqy+ukfeUH2A/ur2uN6yKOMpzBOVxCADfQgDtoQgsoSHiGV3jztPfivXsfy9aSV8ycwh94nz+mWI+Y</latexit><latexit sha1_base64="eo+HG3zYyLC3yTquHyorzyrZJDM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVwR4LXjxWsB/SLiWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZelApuLMbfXmljc2t7p7xb2ds/ODyqHp+0TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1okmt3O/88S04Yl6sNOUhZKMFI85JdZJj3k/ihH267NBtYZ9vABaJ0FBalCgOah+9YcJzSRTlgpiTC/AqQ1zoi2ngs0q/cywlNAJGbGeo4pIZsJ8cfAMXThliOJEu1IWLdTfEzmRxkxl5DolsWOz6s3F/7xeZuN6mHOVZpYpulwUZwLZBM2/R0OuGbVi6gihmrtbER0TTah1GVVcCMHqy+ukfeUH2A/ur2uN6yKOMpzBOVxCADfQgDtoQgsoSHiGV3jztPfivXsfy9aSV8ycwh94nz+mWI+Y</latexit>

1
<latexit sha1_base64="fBi4Q7EcTZ52Eg3fDCdIoIttiHw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOepMhM7PLzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlApurO9/e6WNza3tnfJuZW//4PCoenzSNkmmGbZYIhLdjahBwRW2LLcCu6lGKiOBnWhyN/c7T6gNT9SjnaYYSjpSPOaMWid18n4Uk2A2qNb8ur8AWSdBQWpQoDmofvWHCcskKssENaYX+KkNc6otZwJnlX5mMKVsQkfYc1RRiSbMF+fOyIVThiROtCtlyUL9PZFTacxURq5TUjs2q95c/M/rZTa+DXOu0syiYstFcSaITcj8dzLkGpkVU0co09zdStiYasqsS6jiQghWX14n7at64NeDh+ta47qIowxncA6XEMANNOAemtACBhN4hld481LvxXv3PpatJa+YOYU/8D5/AL7ijx8=</latexit><latexit sha1_base64="fBi4Q7EcTZ52Eg3fDCdIoIttiHw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOepMhM7PLzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlApurO9/e6WNza3tnfJuZW//4PCoenzSNkmmGbZYIhLdjahBwRW2LLcCu6lGKiOBnWhyN/c7T6gNT9SjnaYYSjpSPOaMWid18n4Uk2A2qNb8ur8AWSdBQWpQoDmofvWHCcskKssENaYX+KkNc6otZwJnlX5mMKVsQkfYc1RRiSbMF+fOyIVThiROtCtlyUL9PZFTacxURq5TUjs2q95c/M/rZTa+DXOu0syiYstFcSaITcj8dzLkGpkVU0co09zdStiYasqsS6jiQghWX14n7at64NeDh+ta47qIowxncA6XEMANNOAemtACBhN4hld481LvxXv3PpatJa+YOYU/8D5/AL7ijx8=</latexit><latexit sha1_base64="fBi4Q7EcTZ52Eg3fDCdIoIttiHw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOepMhM7PLzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlApurO9/e6WNza3tnfJuZW//4PCoenzSNkmmGbZYIhLdjahBwRW2LLcCu6lGKiOBnWhyN/c7T6gNT9SjnaYYSjpSPOaMWid18n4Uk2A2qNb8ur8AWSdBQWpQoDmofvWHCcskKssENaYX+KkNc6otZwJnlX5mMKVsQkfYc1RRiSbMF+fOyIVThiROtCtlyUL9PZFTacxURq5TUjs2q95c/M/rZTa+DXOu0syiYstFcSaITcj8dzLkGpkVU0co09zdStiYasqsS6jiQghWX14n7at64NeDh+ta47qIowxncA6XEMANNOAemtACBhN4hld481LvxXv3PpatJa+YOYU/8D5/AL7ijx8=</latexit><latexit sha1_base64="fBi4Q7EcTZ52Eg3fDCdIoIttiHw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOepMhM7PLzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXlApurO9/e6WNza3tnfJuZW//4PCoenzSNkmmGbZYIhLdjahBwRW2LLcCu6lGKiOBnWhyN/c7T6gNT9SjnaYYSjpSPOaMWid18n4Uk2A2qNb8ur8AWSdBQWpQoDmofvWHCcskKssENaYX+KkNc6otZwJnlX5mMKVsQkfYc1RRiSbMF+fOyIVThiROtCtlyUL9PZFTacxURq5TUjs2q95c/M/rZTa+DXOu0syiYstFcSaITcj8dzLkGpkVU0co09zdStiYasqsS6jiQghWX14n7at64NeDh+ta47qIowxncA6XEMANNOAemtACBhN4hld481LvxXv3PpatJa+YOYU/8D5/AL7ijx8=</latexit>

2
<latexit sha1_base64="sVxzj72H2URulAo7PsOlrOrLC/w=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKQY8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6Wt7Z3dvfJ+5eDw6PjEPT3rmCTTjLdZIhPdC6nhUijeRoGS91LNaRxK3g2ndwu/+8S1EYl6xFnKg5iOlYgEo2ilbj4II1KfD92qV/OWIJvEL0gVCrSG7tdglLAs5gqZpMb0fS/FIKcaBZN8XhlkhqeUTemY9y1VNOYmyJfnzsmVVUYkSrQthWSp/p7IaWzMLA5tZ0xxYta9hfif188wug1yodIMuWKrRVEmCSZk8TsZCc0ZypkllGlhbyVsQjVlaBOq2BD89Zc3Sade872a/9CoNhtFHGW4gEu4Bh9uoAn30II2MJjCM7zCm5M6L86787FqLTnFzDn8gfP5A8BnjyA=</latexit><latexit sha1_base64="sVxzj72H2URulAo7PsOlrOrLC/w=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKQY8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6Wt7Z3dvfJ+5eDw6PjEPT3rmCTTjLdZIhPdC6nhUijeRoGS91LNaRxK3g2ndwu/+8S1EYl6xFnKg5iOlYgEo2ilbj4II1KfD92qV/OWIJvEL0gVCrSG7tdglLAs5gqZpMb0fS/FIKcaBZN8XhlkhqeUTemY9y1VNOYmyJfnzsmVVUYkSrQthWSp/p7IaWzMLA5tZ0xxYta9hfif188wug1yodIMuWKrRVEmCSZk8TsZCc0ZypkllGlhbyVsQjVlaBOq2BD89Zc3Sade872a/9CoNhtFHGW4gEu4Bh9uoAn30II2MJjCM7zCm5M6L86787FqLTnFzDn8gfP5A8BnjyA=</latexit><latexit sha1_base64="sVxzj72H2URulAo7PsOlrOrLC/w=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKQY8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6Wt7Z3dvfJ+5eDw6PjEPT3rmCTTjLdZIhPdC6nhUijeRoGS91LNaRxK3g2ndwu/+8S1EYl6xFnKg5iOlYgEo2ilbj4II1KfD92qV/OWIJvEL0gVCrSG7tdglLAs5gqZpMb0fS/FIKcaBZN8XhlkhqeUTemY9y1VNOYmyJfnzsmVVUYkSrQthWSp/p7IaWzMLA5tZ0xxYta9hfif188wug1yodIMuWKrRVEmCSZk8TsZCc0ZypkllGlhbyVsQjVlaBOq2BD89Zc3Sade872a/9CoNhtFHGW4gEu4Bh9uoAn30II2MJjCM7zCm5M6L86787FqLTnFzDn8gfP5A8BnjyA=</latexit><latexit sha1_base64="sVxzj72H2URulAo7PsOlrOrLC/w=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lKQY8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOd9O6Wt7Z3dvfJ+5eDw6PjEPT3rmCTTjLdZIhPdC6nhUijeRoGS91LNaRxK3g2ndwu/+8S1EYl6xFnKg5iOlYgEo2ilbj4II1KfD92qV/OWIJvEL0gVCrSG7tdglLAs5gqZpMb0fS/FIKcaBZN8XhlkhqeUTemY9y1VNOYmyJfnzsmVVUYkSrQthWSp/p7IaWzMLA5tZ0xxYta9hfif188wug1yodIMuWKrRVEmCSZk8TsZCc0ZypkllGlhbyVsQjVlaBOq2BD89Zc3Sade872a/9CoNhtFHGW4gEu4Bh9uoAn30II2MJjCM7zCm5M6L86787FqLTnFzDn8gfP5A8BnjyA=</latexit>

4
<latexit sha1_base64="EKLEXl69cGvAWTyN6IRZF+/hYbU=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0J6DHgxWME84BkCbOT2WTI7Owy0yuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090Vpkpa9LxvsrG5tb2zW9or7x8cHh1XTk7bNskMFy2eqMR0Q2aFklq0UKIS3dQIFodKdMLJ3dzvPAljZaIfcZqKIGYjLSPJGTqpk/fDiNZng0rVq3kL0HXiF6QKBZqDyld/mPAsFhq5Ytb2fC/FIGcGJVdiVu5nVqSMT9hI9BzVLBY2yBfnzuilU4Y0SowrjXSh/p7IWWztNA5dZ8xwbFe9ufif18swug1yqdMMhebLRVGmKCZ0/jsdSiM4qqkjjBvpbqV8zAzj6BIquxD81ZfXSfu65ns1/6FebdSLOEpwDhdwBT7cQAPuoQkt4DCBZ3iFN5KSF/JOPpatG6SYOYM/IJ8/w3GPIg==</latexit><latexit sha1_base64="EKLEXl69cGvAWTyN6IRZF+/hYbU=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0J6DHgxWME84BkCbOT2WTI7Owy0yuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090Vpkpa9LxvsrG5tb2zW9or7x8cHh1XTk7bNskMFy2eqMR0Q2aFklq0UKIS3dQIFodKdMLJ3dzvPAljZaIfcZqKIGYjLSPJGTqpk/fDiNZng0rVq3kL0HXiF6QKBZqDyld/mPAsFhq5Ytb2fC/FIGcGJVdiVu5nVqSMT9hI9BzVLBY2yBfnzuilU4Y0SowrjXSh/p7IWWztNA5dZ8xwbFe9ufif18swug1yqdMMhebLRVGmKCZ0/jsdSiM4qqkjjBvpbqV8zAzj6BIquxD81ZfXSfu65ns1/6FebdSLOEpwDhdwBT7cQAPuoQkt4DCBZ3iFN5KSF/JOPpatG6SYOYM/IJ8/w3GPIg==</latexit><latexit sha1_base64="EKLEXl69cGvAWTyN6IRZF+/hYbU=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0J6DHgxWME84BkCbOT2WTI7Owy0yuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090Vpkpa9LxvsrG5tb2zW9or7x8cHh1XTk7bNskMFy2eqMR0Q2aFklq0UKIS3dQIFodKdMLJ3dzvPAljZaIfcZqKIGYjLSPJGTqpk/fDiNZng0rVq3kL0HXiF6QKBZqDyld/mPAsFhq5Ytb2fC/FIGcGJVdiVu5nVqSMT9hI9BzVLBY2yBfnzuilU4Y0SowrjXSh/p7IWWztNA5dZ8xwbFe9ufif18swug1yqdMMhebLRVGmKCZ0/jsdSiM4qqkjjBvpbqV8zAzj6BIquxD81ZfXSfu65ns1/6FebdSLOEpwDhdwBT7cQAPuoQkt4DCBZ3iFN5KSF/JOPpatG6SYOYM/IJ8/w3GPIg==</latexit><latexit sha1_base64="EKLEXl69cGvAWTyN6IRZF+/hYbU=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0J6DHgxWME84BkCbOT2WTI7Owy0yuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090Vpkpa9LxvsrG5tb2zW9or7x8cHh1XTk7bNskMFy2eqMR0Q2aFklq0UKIS3dQIFodKdMLJ3dzvPAljZaIfcZqKIGYjLSPJGTqpk/fDiNZng0rVq3kL0HXiF6QKBZqDyld/mPAsFhq5Ytb2fC/FIGcGJVdiVu5nVqSMT9hI9BzVLBY2yBfnzuilU4Y0SowrjXSh/p7IWWztNA5dZ8xwbFe9ufif18swug1yqdMMhebLRVGmKCZ0/jsdSiM4qqkjjBvpbqV8zAzj6BIquxD81ZfXSfu65ns1/6FebdSLOEpwDhdwBT7cQAPuoQkt4DCBZ3iFN5KSF/JOPpatG6SYOYM/IJ8/w3GPIg==</latexit>

3
<latexit sha1_base64="/DNwu4qXFyhk8lryPFJx57y7Ol4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSNxsEIbmeD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyeWWQGp5QNqVj3rdU0YgbP1ucOycXVhmRMNa2FJKF+nsio5ExsyiwnRHFiVn1cvE/r59ieOtnQiUpcsWWi8JUEoxJ/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8HsjyE=</latexit><latexit sha1_base64="/DNwu4qXFyhk8lryPFJx57y7Ol4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSNxsEIbmeD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyeWWQGp5QNqVj3rdU0YgbP1ucOycXVhmRMNa2FJKF+nsio5ExsyiwnRHFiVn1cvE/r59ieOtnQiUpcsWWi8JUEoxJ/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8HsjyE=</latexit><latexit sha1_base64="/DNwu4qXFyhk8lryPFJx57y7Ol4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSNxsEIbmeD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyeWWQGp5QNqVj3rdU0YgbP1ucOycXVhmRMNa2FJKF+nsio5ExsyiwnRHFiVn1cvE/r59ieOtnQiUpcsWWi8JUEoxJ/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8HsjyE=</latexit><latexit sha1_base64="/DNwu4qXFyhk8lryPFJx57y7Ol4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jps1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md7nffeLaiFg94izhfkTHSoSCUbRSNxsEIbmeD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyeWWQGp5QNqVj3rdU0YgbP1ucOycXVhmRMNa2FJKF+nsio5ExsyiwnRHFiVn1cvE/r59ieOtnQiUpcsWWi8JUEoxJ/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8HsjyE=</latexit>

5
<latexit sha1_base64="vMYy+4JrCD/BF4siySVAsQqqk2M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48V7Ae0oWy2m3bpZhN2J0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6xFnC/YiOlQgFo2ilbjYIQnKdD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyvDJIDU8om9Ix71uqaMSNny3OzcmFVUYkjLUthWSh/p7IaGTMLApsZ0RxYla9ufif108xvPUzoZIUuWLLRWEqCcZk/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8T2jyM=</latexit><latexit sha1_base64="vMYy+4JrCD/BF4siySVAsQqqk2M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48V7Ae0oWy2m3bpZhN2J0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6xFnC/YiOlQgFo2ilbjYIQnKdD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyvDJIDU8om9Ix71uqaMSNny3OzcmFVUYkjLUthWSh/p7IaGTMLApsZ0RxYla9ufif108xvPUzoZIUuWLLRWEqCcZk/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8T2jyM=</latexit><latexit sha1_base64="vMYy+4JrCD/BF4siySVAsQqqk2M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48V7Ae0oWy2m3bpZhN2J0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6xFnC/YiOlQgFo2ilbjYIQnKdD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyvDJIDU8om9Ix71uqaMSNny3OzcmFVUYkjLUthWSh/p7IaGTMLApsZ0RxYla9ufif108xvPUzoZIUuWLLRWEqCcZk/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8T2jyM=</latexit><latexit sha1_base64="vMYy+4JrCD/BF4siySVAsQqqk2M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48V7Ae0oWy2m3bpZhN2J0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6xFnC/YiOlQgFo2ilbjYIQnKdD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyvDJIDU8om9Ix71uqaMSNny3OzcmFVUYkjLUthWSh/p7IaGTMLApsZ0RxYla9ufif108xvPUzoZIUuWLLRWEqCcZk/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8T2jyM=</latexit>

6
<latexit sha1_base64="DZGeYqvyWIzqI0C7QqUDPc5Dp1s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2m3bpZhN2J0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6xFnC/YiOlQgFo2ilbjYIQnKdD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyvDJIDU8om9Ix71uqaMSNny3OzcmFVUYkjLUthWSh/p7IaGTMLApsZ0RxYla9ufif108xvPUzoZIUuWLLRWEqCcZk/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8Z7jyQ=</latexit><latexit sha1_base64="DZGeYqvyWIzqI0C7QqUDPc5Dp1s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2m3bpZhN2J0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6xFnC/YiOlQgFo2ilbjYIQnKdD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyvDJIDU8om9Ix71uqaMSNny3OzcmFVUYkjLUthWSh/p7IaGTMLApsZ0RxYla9ufif108xvPUzoZIUuWLLRWEqCcZk/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8Z7jyQ=</latexit><latexit sha1_base64="DZGeYqvyWIzqI0C7QqUDPc5Dp1s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2m3bpZhN2J0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6xFnC/YiOlQgFo2ilbjYIQnKdD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyvDJIDU8om9Ix71uqaMSNny3OzcmFVUYkjLUthWSh/p7IaGTMLApsZ0RxYla9ufif108xvPUzoZIUuWLLRWEqCcZk/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8Z7jyQ=</latexit><latexit sha1_base64="DZGeYqvyWIzqI0C7QqUDPc5Dp1s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2m3bpZhN2J0IJ+RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2md3O/+8S1EbF6xFnC/YiOlQgFo2ilbjYIQnKdD6s1t+4uQNaJV5AaFGgNq1+DUczSiCtkkhrT99wE/YxqFEzyvDJIDU8om9Ix71uqaMSNny3OzcmFVUYkjLUthWSh/p7IaGTMLApsZ0RxYla9ufif108xvPUzoZIUuWLLRWEqCcZk/jsZCc0ZypkllGlhbyVsQjVlaBOq2BC81ZfXSeeq7rl176FRazaKOMpwBudwCR7cQBPuoQVtYDCFZ3iFNydxXpx352PZWnKKmVP4A+fzB8Z7jyQ=</latexit> 7

<latexit sha1_base64="+QEhEapuxBA88+NjL8IgI0ErWCM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7nK/98S1EbF6xHnC/YhOlAgFo2ilXjYMQtJcjKo1t+4uQTaJV5AaFGiPql/DcczSiCtkkhoz8NwE/YxqFEzyRWWYGp5QNqMTPrBU0YgbP1ueuyBXVhmTMNa2FJKl+nsio5Ex8yiwnRHFqVn3cvE/b5BieOtnQiUpcsVWi8JUEoxJ/jsZC80ZyrkllGlhbyVsSjVlaBOq2BC89Zc3Sfem7rl176FRazWKOMpwAZdwDR40oQX30IYOMJjBM7zCm5M4L86787FqLTnFzDn8gfP5A8gAjyU=</latexit><latexit sha1_base64="+QEhEapuxBA88+NjL8IgI0ErWCM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7nK/98S1EbF6xHnC/YhOlAgFo2ilXjYMQtJcjKo1t+4uQTaJV5AaFGiPql/DcczSiCtkkhoz8NwE/YxqFEzyRWWYGp5QNqMTPrBU0YgbP1ueuyBXVhmTMNa2FJKl+nsio5Ex8yiwnRHFqVn3cvE/b5BieOtnQiUpcsVWi8JUEoxJ/jsZC80ZyrkllGlhbyVsSjVlaBOq2BC89Zc3Sfem7rl176FRazWKOMpwAZdwDR40oQX30IYOMJjBM7zCm5M4L86787FqLTnFzDn8gfP5A8gAjyU=</latexit><latexit sha1_base64="+QEhEapuxBA88+NjL8IgI0ErWCM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7nK/98S1EbF6xHnC/YhOlAgFo2ilXjYMQtJcjKo1t+4uQTaJV5AaFGiPql/DcczSiCtkkhoz8NwE/YxqFEzyRWWYGp5QNqMTPrBU0YgbP1ueuyBXVhmTMNa2FJKl+nsio5Ex8yiwnRHFqVn3cvE/b5BieOtnQiUpcsVWi8JUEoxJ/jsZC80ZyrkllGlhbyVsSjVlaBOq2BC89Zc3Sfem7rl176FRazWKOMpwAZdwDR40oQX30IYOMJjBM7zCm5M4L86787FqLTnFzDn8gfP5A8gAjyU=</latexit><latexit sha1_base64="+QEhEapuxBA88+NjL8IgI0ErWCM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7nK/98S1EbF6xHnC/YhOlAgFo2ilXjYMQtJcjKo1t+4uQTaJV5AaFGiPql/DcczSiCtkkhoz8NwE/YxqFEzyRWWYGp5QNqMTPrBU0YgbP1ueuyBXVhmTMNa2FJKl+nsio5Ex8yiwnRHFqVn3cvE/b5BieOtnQiUpcsVWi8JUEoxJ/jsZC80ZyrkllGlhbyVsSjVlaBOq2BC89Zc3Sfem7rl176FRazWKOMpwAZdwDR40oQX30IYOMJjBM7zCm5M4L86787FqLTnFzDn8gfP5A8gAjyU=</latexit>

8
<latexit sha1_base64="mbWEZrD7IJvINEW8gzAytLrBRRw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYI8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7nK/98S1EbF6xHnC/YhOlAgFo2ilXjYMQtJcjKo1t+4uQTaJV5AaFGiPql/DcczSiCtkkhoz8NwE/YxqFEzyRWWYGp5QNqMTPrBU0YgbP1ueuyBXVhmTMNa2FJKl+nsio5Ex8yiwnRHFqVn3cvE/b5Bi2PQzoZIUuWKrRWEqCcYk/52MheYM5dwSyrSwtxI2pZoytAlVbAje+subpHtT99y699CotRpFHGW4gEu4Bg9uoQX30IYOMJjBM7zCm5M4L86787FqLTnFzDn8gfP5A8mFjyY=</latexit><latexit sha1_base64="mbWEZrD7IJvINEW8gzAytLrBRRw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYI8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7nK/98S1EbF6xHnC/YhOlAgFo2ilXjYMQtJcjKo1t+4uQTaJV5AaFGiPql/DcczSiCtkkhoz8NwE/YxqFEzyRWWYGp5QNqMTPrBU0YgbP1ueuyBXVhmTMNa2FJKl+nsio5Ex8yiwnRHFqVn3cvE/b5Bi2PQzoZIUuWKrRWEqCcYk/52MheYM5dwSyrSwtxI2pZoytAlVbAje+subpHtT99y699CotRpFHGW4gEu4Bg9uoQX30IYOMJjBM7zCm5M4L86787FqLTnFzDn8gfP5A8mFjyY=</latexit><latexit sha1_base64="mbWEZrD7IJvINEW8gzAytLrBRRw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYI8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7nK/98S1EbF6xHnC/YhOlAgFo2ilXjYMQtJcjKo1t+4uQTaJV5AaFGiPql/DcczSiCtkkhoz8NwE/YxqFEzyRWWYGp5QNqMTPrBU0YgbP1ueuyBXVhmTMNa2FJKl+nsio5Ex8yiwnRHFqVn3cvE/b5Bi2PQzoZIUuWKrRWEqCcYk/52MheYM5dwSyrSwtxI2pZoytAlVbAje+subpHtT99y699CotRpFHGW4gEu4Bg9uoQX30IYOMJjBM7zCm5M4L86787FqLTnFzDn8gfP5A8mFjyY=</latexit><latexit sha1_base64="mbWEZrD7IJvINEW8gzAytLrBRRw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkYI8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6Wt7Z3dvfJ+5eDw6PikenrWNXGqGe+wWMa6H1DDpVC8gwIl7yea0yiQvBfM7nK/98S1EbF6xHnC/YhOlAgFo2ilXjYMQtJcjKo1t+4uQTaJV5AaFGiPql/DcczSiCtkkhoz8NwE/YxqFEzyRWWYGp5QNqMTPrBU0YgbP1ueuyBXVhmTMNa2FJKl+nsio5Ex8yiwnRHFqVn3cvE/b5Bi2PQzoZIUuWKrRWEqCcYk/52MheYM5dwSyrSwtxI2pZoytAlVbAje+subpHtT99y699CotRpFHGW4gEu4Bg9uoQX30IYOMJjBM7zCm5M4L86787FqLTnFzDn8gfP5A8mFjyY=</latexit>

dNN
<latexit sha1_base64="wzygveFGcmmW//lguV/Xub9FMY8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF0+lgq2FJpTNZtMu3WzCfggl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcaZ0q777VQ2Nre2d6q7tb39g8Oj+vFJX6VGEtojKU/lIMSKciZoTzPN6SCTFCchp4/h9HbuPz5RqVgqHvQso0GCx4LFjGBtJT/3wxhFo7zTKYpRveE23QXQOvFK0oAS3VH9y49SYhIqNOFYqaHnZjrIsdSMcFrUfKNohskUj+nQUoETqoJ8cXOBLqwSoTiVtoRGC/X3RI4TpWZJaDsTrCdq1ZuL/3lDo+NWkDORGU0FWS6KDUc6RfMAUMQkJZrPLMFEMnsrIhMsMdE2ppoNwVt9eZ30r5qe2/TurxvtVhlHFc7gHC7Bgxtowx10oQcEMniGV3hzjPPivDsfy9aKU86cwh84nz/LWpF7</latexit><latexit sha1_base64="wzygveFGcmmW//lguV/Xub9FMY8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF0+lgq2FJpTNZtMu3WzCfggl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcaZ0q777VQ2Nre2d6q7tb39g8Oj+vFJX6VGEtojKU/lIMSKciZoTzPN6SCTFCchp4/h9HbuPz5RqVgqHvQso0GCx4LFjGBtJT/3wxhFo7zTKYpRveE23QXQOvFK0oAS3VH9y49SYhIqNOFYqaHnZjrIsdSMcFrUfKNohskUj+nQUoETqoJ8cXOBLqwSoTiVtoRGC/X3RI4TpWZJaDsTrCdq1ZuL/3lDo+NWkDORGU0FWS6KDUc6RfMAUMQkJZrPLMFEMnsrIhMsMdE2ppoNwVt9eZ30r5qe2/TurxvtVhlHFc7gHC7Bgxtowx10oQcEMniGV3hzjPPivDsfy9aKU86cwh84nz/LWpF7</latexit><latexit sha1_base64="wzygveFGcmmW//lguV/Xub9FMY8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF0+lgq2FJpTNZtMu3WzCfggl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcaZ0q777VQ2Nre2d6q7tb39g8Oj+vFJX6VGEtojKU/lIMSKciZoTzPN6SCTFCchp4/h9HbuPz5RqVgqHvQso0GCx4LFjGBtJT/3wxhFo7zTKYpRveE23QXQOvFK0oAS3VH9y49SYhIqNOFYqaHnZjrIsdSMcFrUfKNohskUj+nQUoETqoJ8cXOBLqwSoTiVtoRGC/X3RI4TpWZJaDsTrCdq1ZuL/3lDo+NWkDORGU0FWS6KDUc6RfMAUMQkJZrPLMFEMnsrIhMsMdE2ppoNwVt9eZ30r5qe2/TurxvtVhlHFc7gHC7Bgxtowx10oQcEMniGV3hzjPPivDsfy9aKU86cwh84nz/LWpF7</latexit><latexit sha1_base64="wzygveFGcmmW//lguV/Xub9FMY8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF0+lgq2FJpTNZtMu3WzCfggl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YcaZ0q777VQ2Nre2d6q7tb39g8Oj+vFJX6VGEtojKU/lIMSKciZoTzPN6SCTFCchp4/h9HbuPz5RqVgqHvQso0GCx4LFjGBtJT/3wxhFo7zTKYpRveE23QXQOvFK0oAS3VH9y49SYhIqNOFYqaHnZjrIsdSMcFrUfKNohskUj+nQUoETqoJ8cXOBLqwSoTiVtoRGC/X3RI4TpWZJaDsTrCdq1ZuL/3lDo+NWkDORGU0FWS6KDUc6RfMAUMQkJZrPLMFEMnsrIhMsMdE2ppoNwVt9eZ30r5qe2/TurxvtVhlHFc7gHC7Bgxtowx10oQcEMniGV3hzjPPivDsfy9aKU86cwh84nz/LWpF7</latexit>

[fm]
<latexit sha1_base64="befL+eQsdlr8tQzPQjEtYBPLEe4=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKYI8FLx4r2A/cLiWbZtvQJLskWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZelApurOd9o9LG5tb2Tnm3srd/cHhUPT7pmCTTlLVpIhLdi4hhgivWttwK1ks1IzISrBtNbud+94lpwxP1YKcpCyUZKR5zSqyTHvN+FOMgluFsUK15dW8BvE78gtSgQGtQ/eoPE5pJpiwVxJjA91Ib5kRbTgWbVfqZYSmhEzJigaOKSGbCfHHxDF84ZYjjRLtSFi/U3xM5kcZMZeQ6JbFjs+rNxf+8ILNxI8y5SjPLFF0uijOBbYLn7+Mh14xaMXWEUM3drZiOiSbUupAqLgR/9eV10rmq+17dv7+uNRtFHGU4g3O4BB9uoAl30II2UFDwDK/whgx6Qe/oY9laQsXMKfwB+vwBRGKQmw==</latexit><latexit sha1_base64="befL+eQsdlr8tQzPQjEtYBPLEe4=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKYI8FLx4r2A/cLiWbZtvQJLskWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZelApurOd9o9LG5tb2Tnm3srd/cHhUPT7pmCTTlLVpIhLdi4hhgivWttwK1ks1IzISrBtNbud+94lpwxP1YKcpCyUZKR5zSqyTHvN+FOMgluFsUK15dW8BvE78gtSgQGtQ/eoPE5pJpiwVxJjA91Ib5kRbTgWbVfqZYSmhEzJigaOKSGbCfHHxDF84ZYjjRLtSFi/U3xM5kcZMZeQ6JbFjs+rNxf+8ILNxI8y5SjPLFF0uijOBbYLn7+Mh14xaMXWEUM3drZiOiSbUupAqLgR/9eV10rmq+17dv7+uNRtFHGU4g3O4BB9uoAl30II2UFDwDK/whgx6Qe/oY9laQsXMKfwB+vwBRGKQmw==</latexit><latexit sha1_base64="befL+eQsdlr8tQzPQjEtYBPLEe4=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKYI8FLx4r2A/cLiWbZtvQJLskWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZelApurOd9o9LG5tb2Tnm3srd/cHhUPT7pmCTTlLVpIhLdi4hhgivWttwK1ks1IzISrBtNbud+94lpwxP1YKcpCyUZKR5zSqyTHvN+FOMgluFsUK15dW8BvE78gtSgQGtQ/eoPE5pJpiwVxJjA91Ib5kRbTgWbVfqZYSmhEzJigaOKSGbCfHHxDF84ZYjjRLtSFi/U3xM5kcZMZeQ6JbFjs+rNxf+8ILNxI8y5SjPLFF0uijOBbYLn7+Mh14xaMXWEUM3drZiOiSbUupAqLgR/9eV10rmq+17dv7+uNRtFHGU4g3O4BB9uoAl30II2UFDwDK/whgx6Qe/oY9laQsXMKfwB+vwBRGKQmw==</latexit><latexit sha1_base64="befL+eQsdlr8tQzPQjEtYBPLEe4=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKYI8FLx4r2A/cLiWbZtvQJLskWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZelApurOd9o9LG5tb2Tnm3srd/cHhUPT7pmCTTlLVpIhLdi4hhgivWttwK1ks1IzISrBtNbud+94lpwxP1YKcpCyUZKR5zSqyTHvN+FOMgluFsUK15dW8BvE78gtSgQGtQ/eoPE5pJpiwVxJjA91Ib5kRbTgWbVfqZYSmhEzJigaOKSGbCfHHxDF84ZYjjRLtSFi/U3xM5kcZMZeQ6JbFjs+rNxf+8ILNxI8y5SjPLFF0uijOBbYLn7+Mh14xaMXWEUM3drZiOiSbUupAqLgR/9eV10rmq+17dv7+uNRtFHGU4g3O4BB9uoAl30II2UFDwDK/whgx6Qe/oY9laQsXMKfwB+vwBRGKQmw==</latexit>

⇢/⇢0
<latexit sha1_base64="KC5dWOl2dhb40yOWqm0+7jXgsRQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5qIoMuiG5cVbC00IUymk3boZCbMTIQair/ixoUibv0Pd/6NkzYLbT0ww+Gce5kzJ0oZVdp1v63K0vLK6lp1vbaxubW9Y+/udZTIJCZtLJiQ3QgpwignbU01I91UEpREjNxHo+vCv38gUlHB7/Q4JUGCBpzGFCNtpNA+8BOkh1Gc+3IoTosrdCehXXcb7hTOIvFKUocSrdD+8vsCZwnhGjOkVM9zUx3kSGqKGZnU/EyRFOERGpCeoRwlRAX5NP3EOTZK34mFNIdrZ6r+3shRotQ4icxkkVXNe4X4n9fLdHwZ5JSnmSYczx6KM+Zo4RRVOH0qCdZsbAjCkpqsDh4iibA2hdVMCd78lxdJ56zhuQ3v9rzevCrrqMIhHMEJeHABTbiBFrQBwyM8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AIenlUE=</latexit><latexit sha1_base64="KC5dWOl2dhb40yOWqm0+7jXgsRQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5qIoMuiG5cVbC00IUymk3boZCbMTIQair/ixoUibv0Pd/6NkzYLbT0ww+Gce5kzJ0oZVdp1v63K0vLK6lp1vbaxubW9Y+/udZTIJCZtLJiQ3QgpwignbU01I91UEpREjNxHo+vCv38gUlHB7/Q4JUGCBpzGFCNtpNA+8BOkh1Gc+3IoTosrdCehXXcb7hTOIvFKUocSrdD+8vsCZwnhGjOkVM9zUx3kSGqKGZnU/EyRFOERGpCeoRwlRAX5NP3EOTZK34mFNIdrZ6r+3shRotQ4icxkkVXNe4X4n9fLdHwZ5JSnmSYczx6KM+Zo4RRVOH0qCdZsbAjCkpqsDh4iibA2hdVMCd78lxdJ56zhuQ3v9rzevCrrqMIhHMEJeHABTbiBFrQBwyM8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AIenlUE=</latexit><latexit sha1_base64="KC5dWOl2dhb40yOWqm0+7jXgsRQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5qIoMuiG5cVbC00IUymk3boZCbMTIQair/ixoUibv0Pd/6NkzYLbT0ww+Gce5kzJ0oZVdp1v63K0vLK6lp1vbaxubW9Y+/udZTIJCZtLJiQ3QgpwignbU01I91UEpREjNxHo+vCv38gUlHB7/Q4JUGCBpzGFCNtpNA+8BOkh1Gc+3IoTosrdCehXXcb7hTOIvFKUocSrdD+8vsCZwnhGjOkVM9zUx3kSGqKGZnU/EyRFOERGpCeoRwlRAX5NP3EOTZK34mFNIdrZ6r+3shRotQ4icxkkVXNe4X4n9fLdHwZ5JSnmSYczx6KM+Zo4RRVOH0qCdZsbAjCkpqsDh4iibA2hdVMCd78lxdJ56zhuQ3v9rzevCrrqMIhHMEJeHABTbiBFrQBwyM8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AIenlUE=</latexit><latexit sha1_base64="KC5dWOl2dhb40yOWqm0+7jXgsRQ=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5qIoMuiG5cVbC00IUymk3boZCbMTIQair/ixoUibv0Pd/6NkzYLbT0ww+Gce5kzJ0oZVdp1v63K0vLK6lp1vbaxubW9Y+/udZTIJCZtLJiQ3QgpwignbU01I91UEpREjNxHo+vCv38gUlHB7/Q4JUGCBpzGFCNtpNA+8BOkh1Gc+3IoTosrdCehXXcb7hTOIvFKUocSrdD+8vsCZwnhGjOkVM9zUx3kSGqKGZnU/EyRFOERGpCeoRwlRAX5NP3EOTZK34mFNIdrZ6r+3shRotQ4icxkkVXNe4X4n9fLdHwZ5JSnmSYczx6KM+Zo4RRVOH0qCdZsbAjCkpqsDh4iibA2hdVMCd78lxdJ56zhuQ3v9rzevCrrqMIhHMEJeHABTbiBFrQBwyM8wyu8WU/Wi/VufcxGK1a5sw9/YH3+AIenlUE=</latexit>

Average distance  
between  
two nucleons

normal nuclear matter 

        neutron star core matter

PHYSIK
DEPARTMENT

Quark cores of nucleons overlap (percolate) at baryon densities

1818

dNN ' 1.8 fm
<latexit sha1_base64="/Qq4/+ZAr3uT5f7AJjSy8jGAMng=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyERwS4LblyVCvYBTQiTyaQdOpPEmYlQQnTjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TpIxKZdvfRmVldW19o7pZ29re2d0z9w+6MskEJh2csET0AyQJozHpKKoY6aeCIB4w0gvGV1O/d0+EpEl8qyYp8TgaxjSiGCkt+eZR7gYRDP281SpcSTm5g47VeIh44Zt127JngMvEKUkdlGj75pcbJjjjJFaYISkHjp0qL0dCUcxIUXMzSVKEx2hIBprGiBPp5bMXCniqlRBGidAVKzhTf0/kiEs54YHu5EiN5KI3Ff/zBpmKGl5O4zRTJMbzRVHGoErgNA8YUkGwYhNNEBZU3wrxCAmElU6tpkNwFl9eJt1zy7Et5+ai3myUcVTBMTgBZ8ABl6AJrkEbdAAGj+AZvII348l4Md6Nj3lrxShnDsEfGJ8/UjyWsQ==</latexit><latexit sha1_base64="/Qq4/+ZAr3uT5f7AJjSy8jGAMng=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyERwS4LblyVCvYBTQiTyaQdOpPEmYlQQnTjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TpIxKZdvfRmVldW19o7pZ29re2d0z9w+6MskEJh2csET0AyQJozHpKKoY6aeCIB4w0gvGV1O/d0+EpEl8qyYp8TgaxjSiGCkt+eZR7gYRDP281SpcSTm5g47VeIh44Zt127JngMvEKUkdlGj75pcbJjjjJFaYISkHjp0qL0dCUcxIUXMzSVKEx2hIBprGiBPp5bMXCniqlRBGidAVKzhTf0/kiEs54YHu5EiN5KI3Ff/zBpmKGl5O4zRTJMbzRVHGoErgNA8YUkGwYhNNEBZU3wrxCAmElU6tpkNwFl9eJt1zy7Et5+ai3myUcVTBMTgBZ8ABl6AJrkEbdAAGj+AZvII348l4Md6Nj3lrxShnDsEfGJ8/UjyWsQ==</latexit><latexit sha1_base64="/Qq4/+ZAr3uT5f7AJjSy8jGAMng=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyERwS4LblyVCvYBTQiTyaQdOpPEmYlQQnTjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TpIxKZdvfRmVldW19o7pZ29re2d0z9w+6MskEJh2csET0AyQJozHpKKoY6aeCIB4w0gvGV1O/d0+EpEl8qyYp8TgaxjSiGCkt+eZR7gYRDP281SpcSTm5g47VeIh44Zt127JngMvEKUkdlGj75pcbJjjjJFaYISkHjp0qL0dCUcxIUXMzSVKEx2hIBprGiBPp5bMXCniqlRBGidAVKzhTf0/kiEs54YHu5EiN5KI3Ff/zBpmKGl5O4zRTJMbzRVHGoErgNA8YUkGwYhNNEBZU3wrxCAmElU6tpkNwFl9eJt1zy7Et5+ai3myUcVTBMTgBZ8ABl6AJrkEbdAAGj+AZvII348l4Md6Nj3lrxShnDsEfGJ8/UjyWsQ==</latexit><latexit sha1_base64="/Qq4/+ZAr3uT5f7AJjSy8jGAMng=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyERwS4LblyVCvYBTQiTyaQdOpPEmYlQQnTjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv994TpIxKZdvfRmVldW19o7pZ29re2d0z9w+6MskEJh2csET0AyQJozHpKKoY6aeCIB4w0gvGV1O/d0+EpEl8qyYp8TgaxjSiGCkt+eZR7gYRDP281SpcSTm5g47VeIh44Zt127JngMvEKUkdlGj75pcbJjjjJFaYISkHjp0qL0dCUcxIUXMzSVKEx2hIBprGiBPp5bMXCniqlRBGidAVKzhTf0/kiEs54YHu5EiN5KI3Ff/zBpmKGl5O4zRTJMbzRVHGoErgNA8YUkGwYhNNEBZU3wrxCAmElU6tpkNwFl9eJt1zy7Et5+ai3myUcVTBMTgBZ8ABl6AJrkEbdAAGj+AZvII348l4Md6Nj3lrxShnDsEfGJ8/UjyWsQ==</latexit>

⇢B = ⇢0 = 0.16 fm�3
<latexit sha1_base64="pzyVPiLmHx3nfAQ12fm5b9oEwwE=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJhSoBBF2QKlgYi0QvUhMqx3Vaq7YT2Q5SFYUHYOFVWBhAiJWdjbfBbTNAyy9Z+vSfc3R8/iBmVGnH+bbm5hcWl5YLK8XVtfWNTXtru6GiRGJSxxGLZCtAijAqSF1TzUgrlgTxgJFmMLga1Zv3RCoaiVs9jInPUU/QkGKkjdWx91MvCKEn+1HnEl5MwDHglN2zh5DfpUcnWdaxS07ZGQvOgptDCeSqdewvrxvhhBOhMUNKtV0n1n6KpKaYkazoJYrECA9Qj7QNCsSJ8tPxNRk8ME4XhpE0T2g4dn9PpIgrNeSB6eRI99V0bWT+V2snOqz4KRVxoonAk0VhwqCO4Cga2KWSYM2GBhCW1PwV4j6SCGsTYNGE4E6fPAuN47Jrsrs5LVUreRwFsAv2wCFwwTmogmtQA3WAwSN4Bq/gzXqyXqx362PSOmflMzvgj6zPH+u0mYU=</latexit><latexit sha1_base64="pzyVPiLmHx3nfAQ12fm5b9oEwwE=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJhSoBBF2QKlgYi0QvUhMqx3Vaq7YT2Q5SFYUHYOFVWBhAiJWdjbfBbTNAyy9Z+vSfc3R8/iBmVGnH+bbm5hcWl5YLK8XVtfWNTXtru6GiRGJSxxGLZCtAijAqSF1TzUgrlgTxgJFmMLga1Zv3RCoaiVs9jInPUU/QkGKkjdWx91MvCKEn+1HnEl5MwDHglN2zh5DfpUcnWdaxS07ZGQvOgptDCeSqdewvrxvhhBOhMUNKtV0n1n6KpKaYkazoJYrECA9Qj7QNCsSJ8tPxNRk8ME4XhpE0T2g4dn9PpIgrNeSB6eRI99V0bWT+V2snOqz4KRVxoonAk0VhwqCO4Cga2KWSYM2GBhCW1PwV4j6SCGsTYNGE4E6fPAuN47Jrsrs5LVUreRwFsAv2wCFwwTmogmtQA3WAwSN4Bq/gzXqyXqx362PSOmflMzvgj6zPH+u0mYU=</latexit><latexit sha1_base64="pzyVPiLmHx3nfAQ12fm5b9oEwwE=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJhSoBBF2QKlgYi0QvUhMqx3Vaq7YT2Q5SFYUHYOFVWBhAiJWdjbfBbTNAyy9Z+vSfc3R8/iBmVGnH+bbm5hcWl5YLK8XVtfWNTXtru6GiRGJSxxGLZCtAijAqSF1TzUgrlgTxgJFmMLga1Zv3RCoaiVs9jInPUU/QkGKkjdWx91MvCKEn+1HnEl5MwDHglN2zh5DfpUcnWdaxS07ZGQvOgptDCeSqdewvrxvhhBOhMUNKtV0n1n6KpKaYkazoJYrECA9Qj7QNCsSJ8tPxNRk8ME4XhpE0T2g4dn9PpIgrNeSB6eRI99V0bWT+V2snOqz4KRVxoonAk0VhwqCO4Cga2KWSYM2GBhCW1PwV4j6SCGsTYNGE4E6fPAuN47Jrsrs5LVUreRwFsAv2wCFwwTmogmtQA3WAwSN4Bq/gzXqyXqx362PSOmflMzvgj6zPH+u0mYU=</latexit><latexit sha1_base64="pzyVPiLmHx3nfAQ12fm5b9oEwwE=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJhSoBBF2QKlgYi0QvUhMqx3Vaq7YT2Q5SFYUHYOFVWBhAiJWdjbfBbTNAyy9Z+vSfc3R8/iBmVGnH+bbm5hcWl5YLK8XVtfWNTXtru6GiRGJSxxGLZCtAijAqSF1TzUgrlgTxgJFmMLga1Zv3RCoaiVs9jInPUU/QkGKkjdWx91MvCKEn+1HnEl5MwDHglN2zh5DfpUcnWdaxS07ZGQvOgptDCeSqdewvrxvhhBOhMUNKtV0n1n6KpKaYkazoJYrECA9Qj7QNCsSJ8tPxNRk8ME4XhpE0T2g4dn9PpIgrNeSB6eRI99V0bWT+V2snOqz4KRVxoonAk0VhwqCO4Cga2KWSYM2GBhCW1PwV4j6SCGsTYNGE4E6fPAuN47Jrsrs5LVUreRwFsAv2wCFwwTmogmtQA3WAwSN4Bq/gzXqyXqx362PSOmflMzvgj6zPH+u0mYU=</latexit>

⇢B ⇠ 5 ⇢0
<latexit sha1_base64="mkoIMM8UIMfMWtzNY4YctAApOhM=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAsJOyKYsqgjWUE84DsEmYns8mQeSwzs0JYUtj4KzYWitj6EXb+jZPNFpp44MKZc+5l7j1Rwqg2nvftrKyurW9slrbK2zu7e/vuwWFby1Rh0sKSSdWNkCaMCtIy1DDSTRRBPGKkE41vZn7ngShNpbg3k4SEHA0FjSlGxkp9t5IFUQwDNZL9axhoyuFlcJY/vWnfrXo1LwdcJn5BqqBAs+9+BQOJU06EwQxp3fO9xIQZUoZiRqblINUkQXiMhqRnqUCc6DDLj5jCE6sMYCyVLWFgrv6eyBDXesIj28mRGelFbyb+5/VSE9fDjIokNUTg+UdxyqCRcJYIHFBFsGETSxBW1O4K8QgphI3NrWxD8BdPXibt85rv1fy7i2qjXsRRAhVwDE6BD65AA9yCJmgBDB7BM3gFb86T8+K8Ox/z1hWnmDkCf+B8/gANdJcH</latexit><latexit sha1_base64="mkoIMM8UIMfMWtzNY4YctAApOhM=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAsJOyKYsqgjWUE84DsEmYns8mQeSwzs0JYUtj4KzYWitj6EXb+jZPNFpp44MKZc+5l7j1Rwqg2nvftrKyurW9slrbK2zu7e/vuwWFby1Rh0sKSSdWNkCaMCtIy1DDSTRRBPGKkE41vZn7ngShNpbg3k4SEHA0FjSlGxkp9t5IFUQwDNZL9axhoyuFlcJY/vWnfrXo1LwdcJn5BqqBAs+9+BQOJU06EwQxp3fO9xIQZUoZiRqblINUkQXiMhqRnqUCc6DDLj5jCE6sMYCyVLWFgrv6eyBDXesIj28mRGelFbyb+5/VSE9fDjIokNUTg+UdxyqCRcJYIHFBFsGETSxBW1O4K8QgphI3NrWxD8BdPXibt85rv1fy7i2qjXsRRAhVwDE6BD65AA9yCJmgBDB7BM3gFb86T8+K8Ox/z1hWnmDkCf+B8/gANdJcH</latexit><latexit sha1_base64="mkoIMM8UIMfMWtzNY4YctAApOhM=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAsJOyKYsqgjWUE84DsEmYns8mQeSwzs0JYUtj4KzYWitj6EXb+jZPNFpp44MKZc+5l7j1Rwqg2nvftrKyurW9slrbK2zu7e/vuwWFby1Rh0sKSSdWNkCaMCtIy1DDSTRRBPGKkE41vZn7ngShNpbg3k4SEHA0FjSlGxkp9t5IFUQwDNZL9axhoyuFlcJY/vWnfrXo1LwdcJn5BqqBAs+9+BQOJU06EwQxp3fO9xIQZUoZiRqblINUkQXiMhqRnqUCc6DDLj5jCE6sMYCyVLWFgrv6eyBDXesIj28mRGelFbyb+5/VSE9fDjIokNUTg+UdxyqCRcJYIHFBFsGETSxBW1O4K8QgphI3NrWxD8BdPXibt85rv1fy7i2qjXsRRAhVwDE6BD65AA9yCJmgBDB7BM3gFb86T8+K8Ox/z1hWnmDkCf+B8/gANdJcH</latexit><latexit sha1_base64="mkoIMM8UIMfMWtzNY4YctAApOhM=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAsJOyKYsqgjWUE84DsEmYns8mQeSwzs0JYUtj4KzYWitj6EXb+jZPNFpp44MKZc+5l7j1Rwqg2nvftrKyurW9slrbK2zu7e/vuwWFby1Rh0sKSSdWNkCaMCtIy1DDSTRRBPGKkE41vZn7ngShNpbg3k4SEHA0FjSlGxkp9t5IFUQwDNZL9axhoyuFlcJY/vWnfrXo1LwdcJn5BqqBAs+9+BQOJU06EwQxp3fO9xIQZUoZiRqblINUkQXiMhqRnqUCc6DDLj5jCE6sMYCyVLWFgrv6eyBDXesIj28mRGelFbyb+5/VSE9fDjIokNUTg+UdxyqCRcJYIHFBFsGETSxBW1O4K8QgphI3NrWxD8BdPXibt85rv1fy7i2qjXsRRAhVwDE6BD65AA9yCJmgBDB7BM3gFb86T8+K8Ox/z1hWnmDkCf+B8/gANdJcH</latexit>

dNN ⇠ 1 fm
<latexit sha1_base64="tgDq7lsBxocwlsU9KpFUxSA8lGY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURwS4LblyVCvYBTQiTyaQdOjMJMxOhhIi/4saFIm79Dnf+jdM2C209cOFwzr3ce0+YMqq043xblbX1jc2t6nZtZ3dv/8A+POqpJJOYdHHCEjkIkSKMCtLVVDMySCVBPGSkH05uZn7/gUhFE3GvpynxORoJGlOMtJEC+yT3whhGQd5uF56iHLqPMS8Cu+40nDngKnFLUgclOoH95UUJzjgRGjOk1NB1Uu3nSGqKGSlqXqZIivAEjcjQUIE4UX4+P7+A50aJYJxIU0LDufp7IkdcqSkPTSdHeqyWvZn4nzfMdNz0cyrSTBOBF4vijEGdwFkWMKKSYM2mhiAsqbkV4jGSCGuTWM2E4C6/vEp6lw3Xabh3V/VWs4yjCk7BGbgALrgGLXALOqALMMjBM3gFb9aT9WK9Wx+L1opVzhyDP7A+fwC9/pVN</latexit><latexit sha1_base64="tgDq7lsBxocwlsU9KpFUxSA8lGY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURwS4LblyVCvYBTQiTyaQdOjMJMxOhhIi/4saFIm79Dnf+jdM2C209cOFwzr3ce0+YMqq043xblbX1jc2t6nZtZ3dv/8A+POqpJJOYdHHCEjkIkSKMCtLVVDMySCVBPGSkH05uZn7/gUhFE3GvpynxORoJGlOMtJEC+yT3whhGQd5uF56iHLqPMS8Cu+40nDngKnFLUgclOoH95UUJzjgRGjOk1NB1Uu3nSGqKGSlqXqZIivAEjcjQUIE4UX4+P7+A50aJYJxIU0LDufp7IkdcqSkPTSdHeqyWvZn4nzfMdNz0cyrSTBOBF4vijEGdwFkWMKKSYM2mhiAsqbkV4jGSCGuTWM2E4C6/vEp6lw3Xabh3V/VWs4yjCk7BGbgALrgGLXALOqALMMjBM3gFb9aT9WK9Wx+L1opVzhyDP7A+fwC9/pVN</latexit><latexit sha1_base64="tgDq7lsBxocwlsU9KpFUxSA8lGY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURwS4LblyVCvYBTQiTyaQdOjMJMxOhhIi/4saFIm79Dnf+jdM2C209cOFwzr3ce0+YMqq043xblbX1jc2t6nZtZ3dv/8A+POqpJJOYdHHCEjkIkSKMCtLVVDMySCVBPGSkH05uZn7/gUhFE3GvpynxORoJGlOMtJEC+yT3whhGQd5uF56iHLqPMS8Cu+40nDngKnFLUgclOoH95UUJzjgRGjOk1NB1Uu3nSGqKGSlqXqZIivAEjcjQUIE4UX4+P7+A50aJYJxIU0LDufp7IkdcqSkPTSdHeqyWvZn4nzfMdNz0cyrSTBOBF4vijEGdwFkWMKKSYM2mhiAsqbkV4jGSCGuTWM2E4C6/vEp6lw3Xabh3V/VWs4yjCk7BGbgALrgGLXALOqALMMjBM3gFb9aT9WK9Wx+L1opVzhyDP7A+fwC9/pVN</latexit><latexit sha1_base64="tgDq7lsBxocwlsU9KpFUxSA8lGY=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURwS4LblyVCvYBTQiTyaQdOjMJMxOhhIi/4saFIm79Dnf+jdM2C209cOFwzr3ce0+YMqq043xblbX1jc2t6nZtZ3dv/8A+POqpJJOYdHHCEjkIkSKMCtLVVDMySCVBPGSkH05uZn7/gUhFE3GvpynxORoJGlOMtJEC+yT3whhGQd5uF56iHLqPMS8Cu+40nDngKnFLUgclOoH95UUJzjgRGjOk1NB1Uu3nSGqKGSlqXqZIivAEjcjQUIE4UX4+P7+A50aJYJxIU0LDufp7IkdcqSkPTSdHeqyWvZn4nzfMdNz0cyrSTBOBF4vijEGdwFkWMKKSYM2mhiAsqbkV4jGSCGuTWM2E4C6/vEp6lw3Xabh3V/VWs4yjCk7BGbgALrgGLXALOqALMMjBM3gFb9aT9WK9Wx+L1opVzhyDP7A+fwC9/pVN</latexit>

baryonic core 
of the nucleon

⇢B > 5 ⇢0
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Fig. 2. Three examples of the phenomenological NN potential
in the isospin-triplet (spin-singlet) sector (V I=1

C (r) ), Bonn[32],
Reid93[33] and Argonne v18[34]. Taken from Ref. [4].

-40

-30

-20

-10

 0

 10

 20

 30

 40

 0  0.5  1  1.5  2  2.5

V C
(r
) 
[M
eV
]

r [fm]

Fig. 3. The multi-Gaussian fit of the central potential V I=1
C (r)

with NGauss = 5 at t = 9. Taken from Ref. [29].

state saturation were achieved. A clear r-dependence of
the second term tells us that contaminations of excited
states indeed exist and are non-negligible.

The potential in Fig. 1 has a similar structure to the
know phenomenological NN potentials, namely the repul-
sive core at short distance surrounded by the attractive
well at medium and long distances, as shown in Fig. 2.
The first result for the NN potential, obtained in quenched
QCD by the HAL QCD method[4], also reproduces this
structure, and this success has received general recognition[35].
Note however that lattice artifacts may be large at very
short distance ( i.e. r  0.1 fm).

4.2 Scattering phase shift

To calculate the NN scattering phase shift by solving the
Schrödinger equation with the potential in the infinite vol-
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Fig. 4. The scattering phase in 1S0 channel in the laboratory
frame obtained from the lattice NN potential, together with
experimental data[36]. Taken from Ref. [29].

ume, the central potential V I=1
C (r) is fitted with multi-

Gaussian functions as g(r) ⌘
PNgauss

n=1 Vn · exp(�⌫nr2),
where Vn and ⌫n(> 0) are used as fit parameters, Ngauss

denotes the number of Gaussian functions. The fit with
multi-Gaussians but without a Yukawa-function works well,
as shown in Fig. 3[29], presumably due to the heavy pion
mass.

We then solve the Schrödinger equation in 1S0 channel
with this potential, in order to extract the scattering phase
�(k), which is shown in Fig. 4, together with the experi-
mental data for comparison[29]. Qualitative feature of the
phase shift as a function of k is well reproduced, though
the strength is weaker, most likely due to the heavy pion
mass (m⇡ ' 701 MeV) in this calculation. In fact, the re-
cent 3-flavor QCD simulations show that the NN phase
shift approaches toward the physical value as the quark
mass decreases [11]. The scattering length at m⇡ ' 701
MeV in the present method, calculated from the deriva-
tive of the scattering phase shift at Elab = 0, leads to
a(1S0) = limk!0 tan �(k)/k = 1.6 ± 1.1 fm, which is still
smaller than the experimental value at the physical point,
a(exp)(1S0) ⇠ 20 fm ( strong attractive in our sign con-
vention), as seen from a comparison in Fig. 4.

4.3 Tensor potential

Using the same gauge configurations generated by the
PACS-CS collaboration, the LO potentials for the isospin-
singlet (spin-triplet) have been extracted. In Fig. 5 we
show V I=0

C (r) and V I=0
T (r), together with V I=1

C (r) for a
comparison[37]. While central potentials for both sectors
look similar, the tensor potential V I=0

T (r) is negative for
the whole range of r, so that no repulsive core appears in
this sector. The tensor potential seems finite at r = 0, but
we have to be careful to conclude such a short distance

S. Aoki
Eur. Phys. J.  A49 (2013) 81

NN Central Potential  (S = 0,  I = 1) 
deduced from LQCD two-nucleon (6-quark) correlation function
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Q < 4⇡ f⇡ ⇠ 1GeV
<latexit sha1_base64="g5+zPBFlmUpRSHS/1ezwmFH2qfw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwUcqMFOzCRcGFLluwD+gMQybNtKFJZkgyQhm6duOvuHGhiFu/wJ1/Y9rOQlsPXO7hnHtJ7gkTRpV2nG+rsLa+sblV3C7t7O7tH9iHRx0VpxKTNo5ZLHshUoRRQdqaakZ6iSSIh4x0w/HNzO8+EKloLO71JCE+R0NBI4qRNlJgn2ZeGMEWvIY1L6FeJQpMg56iHLpe5ZZ0poFddqrOHHCVuDkpgxzNwP7yBjFOOREaM6RU33US7WdIaooZmZa8VJEE4TEakr6hAnGi/Gx+yhSeG2UAo1iaEhrO1d8bGeJKTXhoJjnSI7XszcT/vH6qo7qfUZGkmgi8eChKGdQxnOUCB1QSrNnEEIQlNX+FeIQkwtqkVzIhuMsnr5LOZdV1qm6rVm7U8ziK4AScgQvggivQAHegCdoAg0fwDF7Bm/VkvVjv1sditGDlO8fgD6zPH/fPmH8=</latexit><latexit sha1_base64="g5+zPBFlmUpRSHS/1ezwmFH2qfw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwUcqMFOzCRcGFLluwD+gMQybNtKFJZkgyQhm6duOvuHGhiFu/wJ1/Y9rOQlsPXO7hnHtJ7gkTRpV2nG+rsLa+sblV3C7t7O7tH9iHRx0VpxKTNo5ZLHshUoRRQdqaakZ6iSSIh4x0w/HNzO8+EKloLO71JCE+R0NBI4qRNlJgn2ZeGMEWvIY1L6FeJQpMg56iHLpe5ZZ0poFddqrOHHCVuDkpgxzNwP7yBjFOOREaM6RU33US7WdIaooZmZa8VJEE4TEakr6hAnGi/Gx+yhSeG2UAo1iaEhrO1d8bGeJKTXhoJjnSI7XszcT/vH6qo7qfUZGkmgi8eChKGdQxnOUCB1QSrNnEEIQlNX+FeIQkwtqkVzIhuMsnr5LOZdV1qm6rVm7U8ziK4AScgQvggivQAHegCdoAg0fwDF7Bm/VkvVjv1sditGDlO8fgD6zPH/fPmH8=</latexit><latexit sha1_base64="g5+zPBFlmUpRSHS/1ezwmFH2qfw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwUcqMFOzCRcGFLluwD+gMQybNtKFJZkgyQhm6duOvuHGhiFu/wJ1/Y9rOQlsPXO7hnHtJ7gkTRpV2nG+rsLa+sblV3C7t7O7tH9iHRx0VpxKTNo5ZLHshUoRRQdqaakZ6iSSIh4x0w/HNzO8+EKloLO71JCE+R0NBI4qRNlJgn2ZeGMEWvIY1L6FeJQpMg56iHLpe5ZZ0poFddqrOHHCVuDkpgxzNwP7yBjFOOREaM6RU33US7WdIaooZmZa8VJEE4TEakr6hAnGi/Gx+yhSeG2UAo1iaEhrO1d8bGeJKTXhoJjnSI7XszcT/vH6qo7qfUZGkmgi8eChKGdQxnOUCB1QSrNnEEIQlNX+FeIQkwtqkVzIhuMsnr5LOZdV1qm6rVm7U8ziK4AScgQvggivQAHegCdoAg0fwDF7Bm/VkvVjv1sditGDlO8fgD6zPH/fPmH8=</latexit><latexit sha1_base64="g5+zPBFlmUpRSHS/1ezwmFH2qfw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwUcqMFOzCRcGFLluwD+gMQybNtKFJZkgyQhm6duOvuHGhiFu/wJ1/Y9rOQlsPXO7hnHtJ7gkTRpV2nG+rsLa+sblV3C7t7O7tH9iHRx0VpxKTNo5ZLHshUoRRQdqaakZ6iSSIh4x0w/HNzO8+EKloLO71JCE+R0NBI4qRNlJgn2ZeGMEWvIY1L6FeJQpMg56iHLpe5ZZ0poFddqrOHHCVuDkpgxzNwP7yBjFOOREaM6RU33US7WdIaooZmZa8VJEE4TEakr6hAnGi/Gx+yhSeG2UAo1iaEhrO1d8bGeJKTXhoJjnSI7XszcT/vH6qo7qfUZGkmgi8eChKGdQxnOUCB1QSrNnEEIQlNX+FeIQkwtqkVzIhuMsnr5LOZdV1qm6rVm7U8ziK4AScgQvggivQAHegCdoAg0fwDF7Bm/VkvVjv1sditGDlO8fgD6zPH/fPmH8=</latexit>

At (energy and momentum) scales

is realised as an 



1GeV
Q

⇤� = 4⇡ f⇡
(e

ne
rg

y 
/ m

om
en

tu
m

)

UV

IR

0.5

0

m⇡

� ⌧ ⇤�, m�

LINEAR 
SIGMA 
MODEL

NON-LINEAR 
SIGMA MODEL

⇡,�
N0

N⇡

.
.UV

IR

Functional 
Renormalization 

Group

Chiral 
NUCLEON- 

MESON 
Model

Chiral EFT

FIELD THEORY

Q <latexit sha1_base64="4nz5MHZG2Y2GTVDwEiMJ6O9caUg=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIs3ZwK16NW8Bsk78glShQGPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEt0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpH1V872a37yu1u+KOMpwBudwCT7cQB0eoAEtYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB/O4j00=</latexit><latexit sha1_base64="4nz5MHZG2Y2GTVDwEiMJ6O9caUg=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIs3ZwK16NW8Bsk78glShQGPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEt0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpH1V872a37yu1u+KOMpwBudwCT7cQB0eoAEtYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB/O4j00=</latexit><latexit sha1_base64="4nz5MHZG2Y2GTVDwEiMJ6O9caUg=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIs3ZwK16NW8Bsk78glShQGPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEt0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpH1V872a37yu1u+KOMpwBudwCT7cQB0eoAEtYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB/O4j00=</latexit><latexit sha1_base64="4nz5MHZG2Y2GTVDwEiMJ6O9caUg=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIs3ZwK16NW8Bsk78glShQGPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEt0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpH1V872a37yu1u+KOMpwBudwCT7cQB0eoAEtYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB/O4j00=</latexit>

22
PHYSIK
DEPARTMENT

non-
perturbative

Theoretical  FRAMEWORKS  and  METHODS

CHIRAL FRG perturbative

FRG flow eqs.



23

1GeV
Q

⇤� = 4⇡ f⇡
(e

ne
rg

y 
/ m

om
en

tu
m

)

UV

IR

0.5

0

m⇡

� ⌧ ⇤�, m�

LINEAR 
SIGMA 
MODEL

NON-LINEAR 
SIGMA MODEL

⇡,�
N0

N⇡

.
.UV

IR

Functional 
Renormalization 

Group

Chiral 
NUCLEON- 

MESON 
Model

Chiral EFT

FIELD THEORY

Q <latexit sha1_base64="4nz5MHZG2Y2GTVDwEiMJ6O9caUg=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIs3ZwK16NW8Bsk78glShQGPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEt0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpH1V872a37yu1u+KOMpwBudwCT7cQB0eoAEtYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB/O4j00=</latexit><latexit sha1_base64="4nz5MHZG2Y2GTVDwEiMJ6O9caUg=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIs3ZwK16NW8Bsk78glShQGPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEt0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpH1V872a37yu1u+KOMpwBudwCT7cQB0eoAEtYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB/O4j00=</latexit><latexit sha1_base64="4nz5MHZG2Y2GTVDwEiMJ6O9caUg=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIs3ZwK16NW8Bsk78glShQGPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEt0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpH1V872a37yu1u+KOMpwBudwCT7cQB0eoAEtYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB/O4j00=</latexit><latexit sha1_base64="4nz5MHZG2Y2GTVDwEiMJ6O9caUg=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujed9O6WNza3tnfJuZW//4PDIPT5p6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByP/c7T6g0T+SjmaYYxHQkecQZNVbq5P0wIs3ZwK16NW8Bsk78glShQGPgfvWHCctilIYJqnXP91IT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEt0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAj+6svrpH1V872a37yu1u+KOMpwBudwCT7cQB0eoAEtYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB/O4j00=</latexit>

PHYSIK
DEPARTMENT

non-
perturbative

Theoretical  FRAMEWORKS  and  METHODS

CHIRAL FRG perturbative

FRG flow eqs.



24

Two�nucleon force Three�nucleon force Four�nucleon force

LO

NLO

N2LO

N3LO

Figure 5: Hierarchical organization of nuclear forces in chiral e↵ective field theory.

an explicit degree of freedom. Here arises the arctan loop function. At the same order there are additional relativistic

1/MN -corrections to 2⇡-exchange. Their explicit form depends on the precise definition of the nucleon-nucleon potential

VNN , which by itself is not an observable. Covariant perturbation theory [? ] and the method of unitary transformations

[? ] thus lead to slightly di↵erent expressions for these small 1/MN -corrections. As the state of the art, the chiral

NN-potential has been constructed up to order N3LO and it includes two-loop 2⇡-exchange, 3⇡-exchange and contact-

terms quartic in the momenta parameterized by 15 additional low-energy constants D1, . . . , D15. When inserted into the

Lippmann-Schwinger equation (in order to solve for the unitary S-matrix or the T -matrix) the chiral NN-potential is

multiplied by an exponential regulator function with a cuto↵ scale ⇤ = 500� 700MeV in order to restrict the potential

to the low-momentum region where chiral perturbation theory is applicable. The resulting NN partial-wave amplitudes

should then be independent of the cuto↵ ⇤ within a physically meaningful range of ⇤. The development of an alternative

power counting that would extend renormalization group invariance beyond the hard scale ⇤� is currently an area of

active investigation [? ? ? ]. Furthermore, methods of spectral function regularization [? ] have been employed in order

to eliminate the high-momentum region in the pion-loop integrals directly. In this case the loop functions L(q) and A(q)

receive an additional dependence on a regulator scale ⇤̃.

At order N3LO the chiral NN-potential reaches the quality of a “high-precision” potential in reproducing empirical

NN-phase shifts and deuteron properties. At the same time it provides the appropriate two-body interaction constrained

by chiral symmetry of QCD for nuclear few- and many-body calculations.

3.1.2. Nuclear many-body forces

Within the chiral e↵ective field theory framework employing nucleons and pions as the explicit degrees of freedom,

the leading-order contribution to the nuclear three-body potential arises at order N2LO and consists of three terms. The

two-pion exchange three-nucleon potential contains terms proportional to the low-energy constants c1, c3, and c4 and has

the form
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have to be used, i.e., interactions with restricted resolution in coordinate space (corresponding to an ul-
traviolet cuto↵ in momentum space). The various sets of N3LO (i.e., fourth order in the chiral expansion)
two-body and N2LO three-body chiral low-momentum interactions used in Ref. [12] correspond to di↵er-
ent regularization methods, resolution scales ⇤, and low-energy constants. For interactions constructed
at resolution scales ⇤  450MeV appropriate perturbative behavior was found. The SNM equation of
state obtained from the sets of two- and three-body potentials denoted by n3lo414 (⇤ = 414MeV) and
n3lo450 (⇤ = 450MeV), respectively, (see Refs. [11, 42, 43] for details) agree with empirical constraints
from the zero-temperature saturation energy, density and incompressibility [44–47], and with estimates
for the critical point of the nuclear liquid-gas phase transition obtained through the analysis of data
from multifragmentation, fission and compound nuclear decay experiments [48–51]. The values of these
quantities obtained from n3lo414 and n3lo450 in Ref. [12] are displayed in Table I. 1
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Figure 1: (Color online) Results for the free energy per nucleon F̄ (T, ⇢, � = 0), the pressure P (⇢, T, � = 0), the
entropy per nucleon S̄(T, ⇢, � = 0) and the internal energy per nucleon Ē(⇢, T, � = 0) in isospin-symmetric nuclear
matter. The uncertainty bands correspond to calculations using two di↵erent sets of chiral low-momentum two-
and three-body interactions, n3lo414 (solid lines) and n3lo450 (dash-dot lines). The unstable spinodal region is
marked out explicitly. The critical point is shown as a circle (full circle for n3lo414, open circle for n3lo450). The
zero-temperature endpoint of the low-density part of the spinodal is located at ⇢ ' 2 · 10�4 fm�3.

From the free energy per nucleon the pressure and the entropy per nucleon follow via standard ther-
modynamic relations:

P (T, ⇢, � = 0) = ⇢

2

@F̄ (T, ⇢, � = 0)

@⇢

, S̄(T, ⇢, � = 0) = �@F̄ (T, ⇢, � = 0)

@T

. (5)

The internal energy per nucleon is given by Ē = F̄ + T S̄. The results for these quantities are shown in
Fig. 1 for temperatures in the range T = 0� 25MeV. The spinodal region2 where the homogeneous (i.e.,

1 Note that the value of the so-called critical compressibility factor is Zc = Pc/(Tc ⇢c) ' 0.29 for both n3lo414 and n3lo450;
this is very similar to the values of Zc of various atomic or molecular fluids [52], but di↵ers from the value Zc = 0.375
corresponding to equations of state of the van der Waals–Berthelot type [53].

2 In SNM the unstable spinodal region corresponds to (@P/@⇢)T  0, with (@P/@⇢)T = 0 on the spinodal, cf. Sec. VB.
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NUCLEAR THERMODYNAMICS  from  CHIRAL EFT

C. Wellenhofer,  
 J.W. Holt,  

N. Kaiser,  W. W. 
Phys. Rev. 

C89 (2014) 064009
C92 (2015) 015801

Symmetric nuclear matter : 1st order liquid-gas phase transition

Critical  
temperature 

of 
liquid-gas 
first-order 
 transition :

Tc =

Empirical position of liquid-gas critical point : J. B. Elliot et al. : Phys. Rev. C87 (2013) 054622

17.4 MeV
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⇢0

Tc = 17.9± 0.4 MeV
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Pc = 0.31± 0.07 MeV · fm�3
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⇢c = 0.06± 0.01 fm�3
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N3LO chiral NN interactions  +  N2LO 3-body forces
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NEUTRON  and  NUCLEAR MATTER  from  CHIRAL EFT

N3LO chiral NN interactions  +  N2LO 3-body forces

Many-body perturbation theory  (3rd order)

C. Wellenhofer,  J.W. Holt,  N. Kaiser,  W. W. :  Phys. Rev. C89 (2014) 064009,  C92 (2015) 015801
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J.W.  Holt,  N. Kaiser 
Phys. Rev. C95 (2017) 034326

Agreement with advanced many-body calculations
  (e.g.  Quantum Monte Carlo  computations - S. Gandolfi et al.: EPJ A50 (2014) 10)

Further recent developments: N4LO F. Sammarruca et al. :  arXiv:1807.06640

Perturbative 
Chiral EFT :

applicable up to
baryon densities

⇢ ⇠ 2 ⇢0
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FIG. 1: (Color online) Neutron matter uncertainty band from
many-body perturbation theory with chiral nuclear forces to-
gether with the symmetric nuclear matter equation of state
obtained by imposing empirical constraints from the analysis
of Ref. [44].
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. We then obtain from the analy-
sis of 205 Skyrme force models the Gaussian probability
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for the four nuclear matter properties in Eq. (7). In Table
I we show the resulting mean values and standard devia-
tions for the quantities n

0

, B, K, and Q. In constructing
the symmetric nuclear matter equation of state, we sam-
ple uniformly {�n

0

= 0.001 fm�3

, �B = 0.1 MeV, �K =
5 MeV, �Q = 50MeV} from the bounds in Eq. (7), but

FIG. 2: (Color online) Neutron star mass vs. radius dis-
tribution from the 72,849 equations of state considered in
the present work. The central zone with dashed line rep-
resents the allowed area of mass and radius of neutron stars
in Ref [45].

in the final analysis of neutron star masses and radii we
assign them Gaussian weights according to Table I. From
the values of n

0

, B, K, and Q we can fix the remaining
unknown coe�cients in Eq. (6). Fig. 1 shows the result-
ing uncertainty bands on the nuclear and neutron matter
equations of state up to n = 1.0 fm�3.

Once the energy density functional in Eq. (5) is fixed,
we construct the full neutron star equation of state from
outer crust to inner core. Certain combinations of the
neutron matter and nuclear matter equations of state
lead to unphysical behavior at very high densities. We
remove from the complete set those equations of state
for which pure neutron matter has a lower energy per
particle than symmetric nuclear matter at some den-
sity present in the neutron star. We also ensure that
the speed of sound remains subluminal for all densities
present in the neutron star. This reduces the initially
large number of equations of state down to 72,849 which
we use for subsequent statistical analysis. Compared
with previous calculations for the tidal deformability ⇤,
we construct a crust equation of state using the liquid
drop model technique for each nuclear force model. This
is a unified approach that allows the inclusion of nuclear
pasta phases and is necessary for the consistent treat-
ment of the neutron star equation of state. Additional
details can be found in Ref. [15].

III. RESULTS

In Fig. 2 we show the mass vs. radius distribution that
results from a statistical analysis of the nearly 73,000
equations of state with Gaussian weight obtained from
the construction described in Section II. We have shown
for comparison in the enclosed “dashed” region the mass

3

FIG. 1: (Color online) Neutron matter uncertainty band from
many-body perturbation theory with chiral nuclear forces to-
gether with the symmetric nuclear matter equation of state
obtained by imposing empirical constraints from the analysis
of Ref. [44].

TABLE I: Statistical values obtained from the analysis of 205
Skyrme force models in Ref. [44]

Nuc. Prop. hxi �

x

unit

n0 0.160 2.789⇥ 10�3 fm�3

B 15.939 0.149 MeV

K 232.65 7.00 MeV

Q �373.26 13.91 MeV

baryon (E/A) up to n = 2n
0

. For symmetric nuclear
matter, we start with empirical constraints from Ref. [44]:

0.155fm�3 n

0

 0.165fm�3

,

15.7MeV B  16.3MeV,

220MeV K  245MeV,

�440MeV Q  �320MeV ,

(7)

where

B = �E

A

, K = 9n

2

@

2

E/A

@n

2

, Q = 27n

3

@

3

E/A

@n

3

(8)

evaluated at n = n

0

. We then obtain from the analy-
sis of 205 Skyrme force models the Gaussian probability
distribution functions

P (x) =
1p
2⇡�

Exp



� (x � hxi)2

2�

2

�

(9)

for the four nuclear matter properties in Eq. (7). In Table
I we show the resulting mean values and standard devia-
tions for the quantities n

0

, B, K, and Q. In constructing
the symmetric nuclear matter equation of state, we sam-
ple uniformly {�n

0

= 0.001 fm�3

, �B = 0.1 MeV, �K =
5 MeV, �Q = 50MeV} from the bounds in Eq. (7), but

FIG. 2: (Color online) Neutron star mass vs. radius dis-
tribution from the 72,849 equations of state considered in
the present work. The central zone with dashed line rep-
resents the allowed area of mass and radius of neutron stars
in Ref [45].

in the final analysis of neutron star masses and radii we
assign them Gaussian weights according to Table I. From
the values of n

0

, B, K, and Q we can fix the remaining
unknown coe�cients in Eq. (6). Fig. 1 shows the result-
ing uncertainty bands on the nuclear and neutron matter
equations of state up to n = 1.0 fm�3.

Once the energy density functional in Eq. (5) is fixed,
we construct the full neutron star equation of state from
outer crust to inner core. Certain combinations of the
neutron matter and nuclear matter equations of state
lead to unphysical behavior at very high densities. We
remove from the complete set those equations of state
for which pure neutron matter has a lower energy per
particle than symmetric nuclear matter at some den-
sity present in the neutron star. We also ensure that
the speed of sound remains subluminal for all densities
present in the neutron star. This reduces the initially
large number of equations of state down to 72,849 which
we use for subsequent statistical analysis. Compared
with previous calculations for the tidal deformability ⇤,
we construct a crust equation of state using the liquid
drop model technique for each nuclear force model. This
is a unified approach that allows the inclusion of nuclear
pasta phases and is necessary for the consistent treat-
ment of the neutron star equation of state. Additional
details can be found in Ref. [15].

III. RESULTS

In Fig. 2 we show the mass vs. radius distribution that
results from a statistical analysis of the nearly 73,000
equations of state with Gaussian weight obtained from
the construction described in Section II. We have shown
for comparison in the enclosed “dashed” region the mass

3

FIG. 1: (Color online) Neutron matter uncertainty band from
many-body perturbation theory with chiral nuclear forces to-
gether with the symmetric nuclear matter equation of state
obtained by imposing empirical constraints from the analysis
of Ref. [44].

TABLE I: Statistical values obtained from the analysis of 205
Skyrme force models in Ref. [44]

Nuc. Prop. hxi �

x

unit

n0 0.160 2.789⇥ 10�3 fm�3

B 15.939 0.149 MeV

K 232.65 7.00 MeV

Q �373.26 13.91 MeV

baryon (E/A) up to n = 2n
0

. For symmetric nuclear
matter, we start with empirical constraints from Ref. [44]:

0.155fm�3 n

0

 0.165fm�3

,

15.7MeV B  16.3MeV,

220MeV K  245MeV,

�440MeV Q  �320MeV ,

(7)

where

B = �E

A

, K = 9n

2

@

2

E/A

@n

2

, Q = 27n

3

@

3

E/A

@n

3

(8)

evaluated at n = n

0

. We then obtain from the analy-
sis of 205 Skyrme force models the Gaussian probability
distribution functions

P (x) =
1p
2⇡�

Exp



� (x � hxi)2

2�

2

�

(9)

for the four nuclear matter properties in Eq. (7). In Table
I we show the resulting mean values and standard devia-
tions for the quantities n

0

, B, K, and Q. In constructing
the symmetric nuclear matter equation of state, we sam-
ple uniformly {�n

0

= 0.001 fm�3

, �B = 0.1 MeV, �K =
5 MeV, �Q = 50MeV} from the bounds in Eq. (7), but

FIG. 2: (Color online) Neutron star mass vs. radius dis-
tribution from the 72,849 equations of state considered in
the present work. The central zone with dashed line rep-
resents the allowed area of mass and radius of neutron stars
in Ref [45].

in the final analysis of neutron star masses and radii we
assign them Gaussian weights according to Table I. From
the values of n

0

, B, K, and Q we can fix the remaining
unknown coe�cients in Eq. (6). Fig. 1 shows the result-
ing uncertainty bands on the nuclear and neutron matter
equations of state up to n = 1.0 fm�3.

Once the energy density functional in Eq. (5) is fixed,
we construct the full neutron star equation of state from
outer crust to inner core. Certain combinations of the
neutron matter and nuclear matter equations of state
lead to unphysical behavior at very high densities. We
remove from the complete set those equations of state
for which pure neutron matter has a lower energy per
particle than symmetric nuclear matter at some den-
sity present in the neutron star. We also ensure that
the speed of sound remains subluminal for all densities
present in the neutron star. This reduces the initially
large number of equations of state down to 72,849 which
we use for subsequent statistical analysis. Compared
with previous calculations for the tidal deformability ⇤,
we construct a crust equation of state using the liquid
drop model technique for each nuclear force model. This
is a unified approach that allows the inclusion of nuclear
pasta phases and is necessary for the consistent treat-
ment of the neutron star equation of state. Additional
details can be found in Ref. [15].

III. RESULTS

In Fig. 2 we show the mass vs. radius distribution that
results from a statistical analysis of the nearly 73,000
equations of state with Gaussian weight obtained from
the construction described in Section II. We have shown
for comparison in the enclosed “dashed” region the mass

3

0.00 0.05 0.10 0.15 0.20 0.25 0.30
�20

�10

0

10

20

30

40

50

60

70

N2LO 450
N2LO 500
N3LO 414
N3LO 450
N3LO 500

FIG. 1: (Color online) Neutron matter uncertainty band from
many-body perturbation theory with chiral nuclear forces to-
gether with the symmetric nuclear matter equation of state
obtained by imposing empirical constraints from the analysis
of Ref. [44].

TABLE I: Statistical values obtained from the analysis of 205
Skyrme force models in Ref. [44]

Nuc. Prop. hxi �

x

unit

n0 0.160 2.789⇥ 10�3 fm�3

B 15.939 0.149 MeV

K 232.65 7.00 MeV

Q �373.26 13.91 MeV

baryon (E/A) up to n = 2n
0

. For symmetric nuclear
matter, we start with empirical constraints from Ref. [44]:

0.155fm�3 n

0

 0.165fm�3

,

15.7MeV B  16.3MeV,

220MeV K  245MeV,

�440MeV Q  �320MeV ,

(7)

where

B = �E

A

, K = 9n

2

@

2

E/A

@n

2

, Q = 27n

3

@

3

E/A

@n

3

(8)

evaluated at n = n

0

. We then obtain from the analy-
sis of 205 Skyrme force models the Gaussian probability
distribution functions

P (x) =
1p
2⇡�

Exp



� (x � hxi)2

2�

2

�

(9)

for the four nuclear matter properties in Eq. (7). In Table
I we show the resulting mean values and standard devia-
tions for the quantities n

0

, B, K, and Q. In constructing
the symmetric nuclear matter equation of state, we sam-
ple uniformly {�n

0

= 0.001 fm�3

, �B = 0.1 MeV, �K =
5 MeV, �Q = 50MeV} from the bounds in Eq. (7), but

FIG. 2: (Color online) Neutron star mass vs. radius dis-
tribution from the 72,849 equations of state considered in
the present work. The central zone with dashed line rep-
resents the allowed area of mass and radius of neutron stars
in Ref [45].

in the final analysis of neutron star masses and radii we
assign them Gaussian weights according to Table I. From
the values of n

0

, B, K, and Q we can fix the remaining
unknown coe�cients in Eq. (6). Fig. 1 shows the result-
ing uncertainty bands on the nuclear and neutron matter
equations of state up to n = 1.0 fm�3.

Once the energy density functional in Eq. (5) is fixed,
we construct the full neutron star equation of state from
outer crust to inner core. Certain combinations of the
neutron matter and nuclear matter equations of state
lead to unphysical behavior at very high densities. We
remove from the complete set those equations of state
for which pure neutron matter has a lower energy per
particle than symmetric nuclear matter at some den-
sity present in the neutron star. We also ensure that
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<latexit sha1_base64="udRSi68tq86sqZ7rahllYqR8tb4=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdjegx4MWDaATzgGQNs5PZZMjs7DIzq4Q1n+LFgyJe/RJv/o2Tx0ETCxqKqm66u/yYM6Ud59vKLC2vrK5l13Mbm1vbO3Z+t66iRBJaIxGPZNPHinImaE0zzWkzlhSHPqcNf3Ax9hsPVCoWiTs9jKkX4p5gASNYG6lj59O2H6Dr+5OrG1QsnzpHo45dcErOBGiRuDNSgBmqHfur3Y1IElKhCcdKtVwn1l6KpWaE01GunSgaYzLAPdoyVOCQKi+dnD5Ch0bpoiCSpoRGE/X3RIpDpYahbzpDrPtq3huL/3mtRAfnXspEnGgqyHRRkHCkIzTOAXWZpETzoSGYSGZuRaSPJSbapJUzIbjzLy+S+nHJdUrubblQKc/iyMI+HEARXDiDClxCFWpA4BGe4RXerCfrxXq3PqatGWs2swd/YH3+AFDUkgc=</latexit><latexit sha1_base64="udRSi68tq86sqZ7rahllYqR8tb4=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdjegx4MWDaATzgGQNs5PZZMjs7DIzq4Q1n+LFgyJe/RJv/o2Tx0ETCxqKqm66u/yYM6Ud59vKLC2vrK5l13Mbm1vbO3Z+t66iRBJaIxGPZNPHinImaE0zzWkzlhSHPqcNf3Ax9hsPVCoWiTs9jKkX4p5gASNYG6lj59O2H6Dr+5OrG1QsnzpHo45dcErOBGiRuDNSgBmqHfur3Y1IElKhCcdKtVwn1l6KpWaE01GunSgaYzLAPdoyVOCQKi+dnD5Ch0bpoiCSpoRGE/X3RIpDpYahbzpDrPtq3huL/3mtRAfnXspEnGgqyHRRkHCkIzTOAXWZpETzoSGYSGZuRaSPJSbapJUzIbjzLy+S+nHJdUrubblQKc/iyMI+HEARXDiDClxCFWpA4BGe4RXerCfrxXq3PqatGWs2swd/YH3+AFDUkgc=</latexit><latexit sha1_base64="udRSi68tq86sqZ7rahllYqR8tb4=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdjegx4MWDaATzgGQNs5PZZMjs7DIzq4Q1n+LFgyJe/RJv/o2Tx0ETCxqKqm66u/yYM6Ud59vKLC2vrK5l13Mbm1vbO3Z+t66iRBJaIxGPZNPHinImaE0zzWkzlhSHPqcNf3Ax9hsPVCoWiTs9jKkX4p5gASNYG6lj59O2H6Dr+5OrG1QsnzpHo45dcErOBGiRuDNSgBmqHfur3Y1IElKhCcdKtVwn1l6KpWaE01GunSgaYzLAPdoyVOCQKi+dnD5Ch0bpoiCSpoRGE/X3RIpDpYahbzpDrPtq3huL/3mtRAfnXspEnGgqyHRRkHCkIzTOAXWZpETzoSGYSGZuRaSPJSbapJUzIbjzLy+S+nHJdUrubblQKc/iyMI+HEARXDiDClxCFWpA4BGe4RXerCfrxXq3PqatGWs2swd/YH3+AFDUkgc=</latexit><latexit sha1_base64="udRSi68tq86sqZ7rahllYqR8tb4=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdjegx4MWDaATzgGQNs5PZZMjs7DIzq4Q1n+LFgyJe/RJv/o2Tx0ETCxqKqm66u/yYM6Ud59vKLC2vrK5l13Mbm1vbO3Z+t66iRBJaIxGPZNPHinImaE0zzWkzlhSHPqcNf3Ax9hsPVCoWiTs9jKkX4p5gASNYG6lj59O2H6Dr+5OrG1QsnzpHo45dcErOBGiRuDNSgBmqHfur3Y1IElKhCcdKtVwn1l6KpWaE01GunSgaYzLAPdoyVOCQKi+dnD5Ch0bpoiCSpoRGE/X3RIpDpYahbzpDrPtq3huL/3mtRAfnXspEnGgqyHRRkHCkIzTOAXWZpETzoSGYSGZuRaSPJSbapJUzIbjzLy+S+nHJdUrubblQKc/iyMI+HEARXDiDClxCFWpA4BGe4RXerCfrxXq3PqatGWs2swd/YH3+AFDUkgc=</latexit>

N3LO(500)
<latexit sha1_base64="JES1KrD/mEZGJ+7HHPpoVv5+LCc=">AAAB+nicbVDJSgNBEK2JW4zbRI9eGoMQL6FHI3oMePEgGsEskIyhp9OTNOlZ6O5RwphP8eJBEa9+iTf/xs5y0MQHBY/3qqiq58WCK43xt5VZWl5ZXcuu5zY2t7Z37PxuXUWJpKxGIxHJpkcUEzxkNc21YM1YMhJ4gjW8wcXYbzwwqXgU3ulhzNyA9ELuc0q0kTp2Pm17Prq+P7m6QcVTjI9GHbuAS3gCtEicGSnADNWO/dXuRjQJWKipIEq1HBxrNyVScyrYKNdOFIsJHZAeaxkakoApN52cPkKHRukiP5KmQo0m6u+JlARKDQPPdAZE99W8Nxb/81qJ9s/dlIdxollIp4v8RCAdoXEOqMslo1oMDSFUcnMron0iCdUmrZwJwZl/eZHUj0sOLjm35UKlPIsjC/twAEVw4AwqcAlVqAGFR3iGV3iznqwX6936mLZmrNnMHvyB9fkDSrmSAw==</latexit><latexit sha1_base64="JES1KrD/mEZGJ+7HHPpoVv5+LCc=">AAAB+nicbVDJSgNBEK2JW4zbRI9eGoMQL6FHI3oMePEgGsEskIyhp9OTNOlZ6O5RwphP8eJBEa9+iTf/xs5y0MQHBY/3qqiq58WCK43xt5VZWl5ZXcuu5zY2t7Z37PxuXUWJpKxGIxHJpkcUEzxkNc21YM1YMhJ4gjW8wcXYbzwwqXgU3ulhzNyA9ELuc0q0kTp2Pm17Prq+P7m6QcVTjI9GHbuAS3gCtEicGSnADNWO/dXuRjQJWKipIEq1HBxrNyVScyrYKNdOFIsJHZAeaxkakoApN52cPkKHRukiP5KmQo0m6u+JlARKDQPPdAZE99W8Nxb/81qJ9s/dlIdxollIp4v8RCAdoXEOqMslo1oMDSFUcnMron0iCdUmrZwJwZl/eZHUj0sOLjm35UKlPIsjC/twAEVw4AwqcAlVqAGFR3iGV3iznqwX6936mLZmrNnMHvyB9fkDSrmSAw==</latexit><latexit sha1_base64="JES1KrD/mEZGJ+7HHPpoVv5+LCc=">AAAB+nicbVDJSgNBEK2JW4zbRI9eGoMQL6FHI3oMePEgGsEskIyhp9OTNOlZ6O5RwphP8eJBEa9+iTf/xs5y0MQHBY/3qqiq58WCK43xt5VZWl5ZXcuu5zY2t7Z37PxuXUWJpKxGIxHJpkcUEzxkNc21YM1YMhJ4gjW8wcXYbzwwqXgU3ulhzNyA9ELuc0q0kTp2Pm17Prq+P7m6QcVTjI9GHbuAS3gCtEicGSnADNWO/dXuRjQJWKipIEq1HBxrNyVScyrYKNdOFIsJHZAeaxkakoApN52cPkKHRukiP5KmQo0m6u+JlARKDQPPdAZE99W8Nxb/81qJ9s/dlIdxollIp4v8RCAdoXEOqMslo1oMDSFUcnMron0iCdUmrZwJwZl/eZHUj0sOLjm35UKlPIsjC/twAEVw4AwqcAlVqAGFR3iGV3iznqwX6936mLZmrNnMHvyB9fkDSrmSAw==</latexit><latexit sha1_base64="JES1KrD/mEZGJ+7HHPpoVv5+LCc=">AAAB+nicbVDJSgNBEK2JW4zbRI9eGoMQL6FHI3oMePEgGsEskIyhp9OTNOlZ6O5RwphP8eJBEa9+iTf/xs5y0MQHBY/3qqiq58WCK43xt5VZWl5ZXcuu5zY2t7Z37PxuXUWJpKxGIxHJpkcUEzxkNc21YM1YMhJ4gjW8wcXYbzwwqXgU3ulhzNyA9ELuc0q0kTp2Pm17Prq+P7m6QcVTjI9GHbuAS3gCtEicGSnADNWO/dXuRjQJWKipIEq1HBxrNyVScyrYKNdOFIsJHZAeaxkakoApN52cPkKHRukiP5KmQo0m6u+JlARKDQPPdAZE99W8Nxb/81qJ9s/dlIdxollIp4v8RCAdoXEOqMslo1oMDSFUcnMron0iCdUmrZwJwZl/eZHUj0sOLjm35UKlPIsjC/twAEVw4AwqcAlVqAGFR3iGV3iznqwX6936mLZmrNnMHvyB9fkDSrmSAw==</latexit>

⇢ [fm�3]
<latexit sha1_base64="5JTqRZ3IkFgw7SMp5ueG+k3ZsGM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0uigl0W3LisYB+QxDKZTtqhM5kwMxFqiP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHCqNKO822VlpZXVtfK65WNza3tHXt3r61EKjFpYcGE7IZIEUZj0tJUM9JNJEE8ZKQTjq4mfueeSEVFfKvHCQk4GsQ0ohhpI/Xsg8wPI+jLoXj0In6XnZ7nQd6zq07NmQIuErcgVVCg2bO//L7AKSexxgwp5blOooMMSU0xI3nFTxVJEB6hAfEMjREnKsim1+fw2Ch9GAlpKtZwqv6eyBBXasxD08mRHqp5byL+53mpjupBRuMk1STGs0VRyqAWcBIF7FNJsGZjQxCW1NwK8RBJhLUJrGJCcOdfXiTts5rr1Nybi2qjXsRRBofgCJwAF1yCBrgGTdACGDyAZ/AK3qwn68V6tz5mrSWrmNkHf2B9/gA7pZUJ</latexit><latexit sha1_base64="5JTqRZ3IkFgw7SMp5ueG+k3ZsGM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0uigl0W3LisYB+QxDKZTtqhM5kwMxFqiP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHCqNKO822VlpZXVtfK65WNza3tHXt3r61EKjFpYcGE7IZIEUZj0tJUM9JNJEE8ZKQTjq4mfueeSEVFfKvHCQk4GsQ0ohhpI/Xsg8wPI+jLoXj0In6XnZ7nQd6zq07NmQIuErcgVVCg2bO//L7AKSexxgwp5blOooMMSU0xI3nFTxVJEB6hAfEMjREnKsim1+fw2Ch9GAlpKtZwqv6eyBBXasxD08mRHqp5byL+53mpjupBRuMk1STGs0VRyqAWcBIF7FNJsGZjQxCW1NwK8RBJhLUJrGJCcOdfXiTts5rr1Nybi2qjXsRRBofgCJwAF1yCBrgGTdACGDyAZ/AK3qwn68V6tz5mrSWrmNkHf2B9/gA7pZUJ</latexit><latexit sha1_base64="5JTqRZ3IkFgw7SMp5ueG+k3ZsGM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0uigl0W3LisYB+QxDKZTtqhM5kwMxFqiP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHCqNKO822VlpZXVtfK65WNza3tHXt3r61EKjFpYcGE7IZIEUZj0tJUM9JNJEE8ZKQTjq4mfueeSEVFfKvHCQk4GsQ0ohhpI/Xsg8wPI+jLoXj0In6XnZ7nQd6zq07NmQIuErcgVVCg2bO//L7AKSexxgwp5blOooMMSU0xI3nFTxVJEB6hAfEMjREnKsim1+fw2Ch9GAlpKtZwqv6eyBBXasxD08mRHqp5byL+53mpjupBRuMk1STGs0VRyqAWcBIF7FNJsGZjQxCW1NwK8RBJhLUJrGJCcOdfXiTts5rr1Nybi2qjXsRRBofgCJwAF1yCBrgGTdACGDyAZ/AK3qwn68V6tz5mrSWrmNkHf2B9/gA7pZUJ</latexit><latexit sha1_base64="5JTqRZ3IkFgw7SMp5ueG+k3ZsGM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0uigl0W3LisYB+QxDKZTtqhM5kwMxFqiP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHCqNKO822VlpZXVtfK65WNza3tHXt3r61EKjFpYcGE7IZIEUZj0tJUM9JNJEE8ZKQTjq4mfueeSEVFfKvHCQk4GsQ0ohhpI/Xsg8wPI+jLoXj0In6XnZ7nQd6zq07NmQIuErcgVVCg2bO//L7AKSexxgwp5blOooMMSU0xI3nFTxVJEB6hAfEMjREnKsim1+fw2Ch9GAlpKtZwqv6eyBBXasxD08mRHqp5byL+53mpjupBRuMk1STGs0VRyqAWcBIF7FNJsGZjQxCW1NwK8RBJhLUJrGJCcOdfXiTts5rr1Nybi2qjXsRRBofgCJwAF1yCBrgGTdACGDyAZ/AK3qwn68V6tz5mrSWrmNkHf2B9/gA7pZUJ</latexit>

E

A
<latexit sha1_base64="qivomcbr/4PwDCi3b7UTlY/CNgY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRwS4rIrisYB/QGUomzbShmWRIMoUy9E/cuFDErX/izr8xbWehrQcCh3PO5d6cKOVMG8/7dkobm1vbO+Xdyt7+weGRe3zS1jJThLaI5FJ1I6wpZ4K2DDOcdlNFcRJx2onGd3O/M6FKMymezDSlYYKHgsWMYGOlvuvmQRSj/D6QNoVuZ7O+W/Vq3gJonfgFqUKBZt/9CgaSZAkVhnCsdc/3UhPmWBlGOJ1VgkzTFJMxHtKepQInVIf54vIZurDKAMVS2ScMWqi/J3KcaD1NIptMsBnpVW8u/uf1MhPXw5yJNDNUkOWiOOPISDSvAQ2YosTwqSWYKGZvRWSEFSbGllWxJfirX14n7aua79X8x+tqo17UUYYzOIdL8OEGGvAATWgBgQk8wyu8Obnz4rw7H8toySlmTuEPnM8f/y2TMw==</latexit><latexit sha1_base64="qivomcbr/4PwDCi3b7UTlY/CNgY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRwS4rIrisYB/QGUomzbShmWRIMoUy9E/cuFDErX/izr8xbWehrQcCh3PO5d6cKOVMG8/7dkobm1vbO+Xdyt7+weGRe3zS1jJThLaI5FJ1I6wpZ4K2DDOcdlNFcRJx2onGd3O/M6FKMymezDSlYYKHgsWMYGOlvuvmQRSj/D6QNoVuZ7O+W/Vq3gJonfgFqUKBZt/9CgaSZAkVhnCsdc/3UhPmWBlGOJ1VgkzTFJMxHtKepQInVIf54vIZurDKAMVS2ScMWqi/J3KcaD1NIptMsBnpVW8u/uf1MhPXw5yJNDNUkOWiOOPISDSvAQ2YosTwqSWYKGZvRWSEFSbGllWxJfirX14n7aua79X8x+tqo17UUYYzOIdL8OEGGvAATWgBgQk8wyu8Obnz4rw7H8toySlmTuEPnM8f/y2TMw==</latexit><latexit sha1_base64="qivomcbr/4PwDCi3b7UTlY/CNgY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRwS4rIrisYB/QGUomzbShmWRIMoUy9E/cuFDErX/izr8xbWehrQcCh3PO5d6cKOVMG8/7dkobm1vbO+Xdyt7+weGRe3zS1jJThLaI5FJ1I6wpZ4K2DDOcdlNFcRJx2onGd3O/M6FKMymezDSlYYKHgsWMYGOlvuvmQRSj/D6QNoVuZ7O+W/Vq3gJonfgFqUKBZt/9CgaSZAkVhnCsdc/3UhPmWBlGOJ1VgkzTFJMxHtKepQInVIf54vIZurDKAMVS2ScMWqi/J3KcaD1NIptMsBnpVW8u/uf1MhPXw5yJNDNUkOWiOOPISDSvAQ2YosTwqSWYKGZvRWSEFSbGllWxJfirX14n7aua79X8x+tqo17UUYYzOIdL8OEGGvAATWgBgQk8wyu8Obnz4rw7H8toySlmTuEPnM8f/y2TMw==</latexit><latexit sha1_base64="qivomcbr/4PwDCi3b7UTlY/CNgY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRwS4rIrisYB/QGUomzbShmWRIMoUy9E/cuFDErX/izr8xbWehrQcCh3PO5d6cKOVMG8/7dkobm1vbO+Xdyt7+weGRe3zS1jJThLaI5FJ1I6wpZ4K2DDOcdlNFcRJx2onGd3O/M6FKMymezDSlYYKHgsWMYGOlvuvmQRSj/D6QNoVuZ7O+W/Vq3gJonfgFqUKBZt/9CgaSZAkVhnCsdc/3UhPmWBlGOJ1VgkzTFJMxHtKepQInVIf54vIZurDKAMVS2ScMWqi/J3KcaD1NIptMsBnpVW8u/uf1MhPXw5yJNDNUkOWiOOPISDSvAQ2YosTwqSWYKGZvRWSEFSbGllWxJfirX14n7aua79X8x+tqo17UUYYzOIdL8OEGGvAATWgBgQk8wyu8Obnz4rw7H8toySlmTuEPnM8f/y2TMw==</latexit>

[MeV]
<latexit sha1_base64="vVYZbp8bT48FKZan6XrJNvURkJk=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEsMeCFy9CBfsBaSib7aRdutmE3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0sbm1vVPereztHxweVY9POibJNIc2T2SieyEzIIWCNgqU0Es1sDiU0A0nt3O/+wTaiEQ94jSFIGYjJSLBGVrJz/thRP176ASzQbXm1t0F6DrxClIjBVqD6ld/mPAsBoVcMmN8z00xyJlGwSXMKv3MQMr4hI3At1SxGEyQL06e0QurDGmUaFsK6UL9PZGz2JhpHNrOmOHYrHpz8T/PzzBqBLlQaYag+HJRlEmKCZ3/T4dCA0c5tYRxLeytlI+ZZhxtShUbgrf68jrpXNU9t+49XNeajSKOMjkj5+SSeOSGNMkdaZE24SQhz+SVvDnovDjvzseyteQUM6fkD5zPH7zJkNo=</latexit><latexit sha1_base64="vVYZbp8bT48FKZan6XrJNvURkJk=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEsMeCFy9CBfsBaSib7aRdutmE3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0sbm1vVPereztHxweVY9POibJNIc2T2SieyEzIIWCNgqU0Es1sDiU0A0nt3O/+wTaiEQ94jSFIGYjJSLBGVrJz/thRP176ASzQbXm1t0F6DrxClIjBVqD6ld/mPAsBoVcMmN8z00xyJlGwSXMKv3MQMr4hI3At1SxGEyQL06e0QurDGmUaFsK6UL9PZGz2JhpHNrOmOHYrHpz8T/PzzBqBLlQaYag+HJRlEmKCZ3/T4dCA0c5tYRxLeytlI+ZZhxtShUbgrf68jrpXNU9t+49XNeajSKOMjkj5+SSeOSGNMkdaZE24SQhz+SVvDnovDjvzseyteQUM6fkD5zPH7zJkNo=</latexit><latexit sha1_base64="vVYZbp8bT48FKZan6XrJNvURkJk=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEsMeCFy9CBfsBaSib7aRdutmE3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0sbm1vVPereztHxweVY9POibJNIc2T2SieyEzIIWCNgqU0Es1sDiU0A0nt3O/+wTaiEQ94jSFIGYjJSLBGVrJz/thRP176ASzQbXm1t0F6DrxClIjBVqD6ld/mPAsBoVcMmN8z00xyJlGwSXMKv3MQMr4hI3At1SxGEyQL06e0QurDGmUaFsK6UL9PZGz2JhpHNrOmOHYrHpz8T/PzzBqBLlQaYag+HJRlEmKCZ3/T4dCA0c5tYRxLeytlI+ZZhxtShUbgrf68jrpXNU9t+49XNeajSKOMjkj5+SSeOSGNMkdaZE24SQhz+SVvDnovDjvzseyteQUM6fkD5zPH7zJkNo=</latexit><latexit sha1_base64="vVYZbp8bT48FKZan6XrJNvURkJk=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEsMeCFy9CBfsBaSib7aRdutmE3YlQQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0sbm1vVPereztHxweVY9POibJNIc2T2SieyEzIIWCNgqU0Es1sDiU0A0nt3O/+wTaiEQ94jSFIGYjJSLBGVrJz/thRP176ASzQbXm1t0F6DrxClIjBVqD6ld/mPAsBoVcMmN8z00xyJlGwSXMKv3MQMr4hI3At1SxGEyQL06e0QurDGmUaFsK6UL9PZGz2JhpHNrOmOHYrHpz8T/PzzBqBLlQaYag+HJRlEmKCZ3/T4dCA0c5tYRxLeytlI+ZZhxtShUbgrf68jrpXNU9t+49XNeajSKOMjkj5+SSeOSGNMkdaZE24SQhz+SVvDnovDjvzseyteQUM6fkD5zPH7zJkNo=</latexit>

n
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TABLE II. Skyrme Hartree-Fock results for the binding energies
(in units of MeV) of doubly closed shell nuclei together with bulk
nuclear matter properties [71].

Exp. Skχ414 Skχ450 Skχ500

16O 127.62 126.73 126.93 127.07
40Ca 342.05 342.63 341.93 341.43
48Ca 415.99 416.66 416.69 417.24
56Ni 483.99 482.29 482.32 482.38
100Sn 825.78 826.20 825.69 822.55
132Sn 1102.90 1103.05 1103.22 1106.91
208Pb 1636.44 1635.88 1636.21 1635.30

ρ0 (fm−3) 0.160 ± 0.005 0.1697 0.1562 0.1679
B (MeV) 16.0 ± 0.5 16.1987 15.9262 15.9895
K (MeV) 230 ± 30 243.19 239.53 238.16
Sv (MeV) 32.5 ± 2.5 32.3456 30.6346 29.1167
L (MeV) 58 ± 18 51.9307 42.0518 40.7415

Having determined all Skyrme model parameters from
the χ2 fitting function in Eq. (5), we now check theoretical
predictions for bulk matter and finite nuclei. Also in Table II
we show the properties of nuclear matter around the saturation
density, including the saturation energy per particle B, the
nuclear incompressibility K , the isospin-asymmetry energy
Sv , and the isospin-asymmetry slope parameter L. Overall the
microscopic predictions agree very favorably with experimen-
tal constraints [71].

As an example of the Skyrme Hartree-Fock calculations
for finite nuclei, we present the density profile of 208Pb in
Fig. 2. The experimental charge density [72] is included
for comparison. The central density of 208Pb from the # =
414 MeV and # = 500 MeV chiral potentials is greater
than that from the # = 450 MeV potential model. This can
be understood by noting that the saturation density of the
# = 450 MeV model is close to the empirical value of
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FIG. 2. Density profiles of neutron and proton in 208Pb using
Skyrme Hartree-Fock calculations. Experimental charge density is
also added for comparison.
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FIG. 3. Mass-radius curves from the Skyrme mean field models
constructed in the present work.

n0 = 0.16 fm−3, while the other two potentials give saturation
densities closer to n0 = 0.17 fm−3.

To check the behavior of the Skyrme mean field models
in the high-density region (ρ > 0.4 fm−3), we solve the
Tolman-Oppenheimer-Volkov (TOV) equations for a static
cold neutron star:

dp

dr
= −G[M(r) + 4πr3p](ε + p)

r[r − 2GM(r)]
,

dM

dr
= 4πεr2,

(6)

where r is the radial distance from the center, M(r) is the
enclosed mass of a neutron star within r , ε represents the
energy density, and p the pressure. Figure 3 shows the mass
and radius curves for the three different Skyrme parameter
sets. For inhomogeneous nuclear matter in the crust of neutron
stars, we used the EOS from the liquid drop model described
in more detail in Sec. III.

The central shaded area is a comprehensive estimate of
neutron star radii from observations of X-ray bursters [73].
The rectangular bars around 2.0M⊙ represent observational
constraints on the maximum neutron star mass [74,75]. For
all three Skyrme parametrizations we see that the maximum
neutron star mass is equal to 2.1M⊙. Therefore, all of the
parameter sets satisfy the maximum mass constraint and
moreover are also consistent with the radius constraint. The
speed of sound in nuclear matter is defined as

c2
s

c2
= ∂p/∂n

∂ε/∂n
, (7)

where c is the speed of light. The speed of sound for the
new Skyrme parametrizations was checked. The total baryon
number densities when cs/c = 1 are 1.41, 1.11, 1.50 fm−3 for
Skχ414, Skχ450, Skχ500 respectively. The central densities
reached at maximum neutron star mass are 1.17, 1.18,
1.14 fm−3 for Skχ414, Skχ450, Skχ500 in this order. Only
the Skχ450 would lead to a violation of causality in neutron
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TABLE II. Skyrme Hartree-Fock results for the binding energies
(in units of MeV) of doubly closed shell nuclei together with bulk
nuclear matter properties [71].

Exp. Skχ414 Skχ450 Skχ500

16O 127.62 126.73 126.93 127.07
40Ca 342.05 342.63 341.93 341.43
48Ca 415.99 416.66 416.69 417.24
56Ni 483.99 482.29 482.32 482.38
100Sn 825.78 826.20 825.69 822.55
132Sn 1102.90 1103.05 1103.22 1106.91
208Pb 1636.44 1635.88 1636.21 1635.30

ρ0 (fm−3) 0.160 ± 0.005 0.1697 0.1562 0.1679
B (MeV) 16.0 ± 0.5 16.1987 15.9262 15.9895
K (MeV) 230 ± 30 243.19 239.53 238.16
Sv (MeV) 32.5 ± 2.5 32.3456 30.6346 29.1167
L (MeV) 58 ± 18 51.9307 42.0518 40.7415

Having determined all Skyrme model parameters from
the χ2 fitting function in Eq. (5), we now check theoretical
predictions for bulk matter and finite nuclei. Also in Table II
we show the properties of nuclear matter around the saturation
density, including the saturation energy per particle B, the
nuclear incompressibility K , the isospin-asymmetry energy
Sv , and the isospin-asymmetry slope parameter L. Overall the
microscopic predictions agree very favorably with experimen-
tal constraints [71].

As an example of the Skyrme Hartree-Fock calculations
for finite nuclei, we present the density profile of 208Pb in
Fig. 2. The experimental charge density [72] is included
for comparison. The central density of 208Pb from the # =
414 MeV and # = 500 MeV chiral potentials is greater
than that from the # = 450 MeV potential model. This can
be understood by noting that the saturation density of the
# = 450 MeV model is close to the empirical value of
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n0 = 0.16 fm−3, while the other two potentials give saturation
densities closer to n0 = 0.17 fm−3.

To check the behavior of the Skyrme mean field models
in the high-density region (ρ > 0.4 fm−3), we solve the
Tolman-Oppenheimer-Volkov (TOV) equations for a static
cold neutron star:

dp

dr
= −G[M(r) + 4πr3p](ε + p)

r[r − 2GM(r)]
,

dM

dr
= 4πεr2,

(6)

where r is the radial distance from the center, M(r) is the
enclosed mass of a neutron star within r , ε represents the
energy density, and p the pressure. Figure 3 shows the mass
and radius curves for the three different Skyrme parameter
sets. For inhomogeneous nuclear matter in the crust of neutron
stars, we used the EOS from the liquid drop model described
in more detail in Sec. III.

The central shaded area is a comprehensive estimate of
neutron star radii from observations of X-ray bursters [73].
The rectangular bars around 2.0M⊙ represent observational
constraints on the maximum neutron star mass [74,75]. For
all three Skyrme parametrizations we see that the maximum
neutron star mass is equal to 2.1M⊙. Therefore, all of the
parameter sets satisfy the maximum mass constraint and
moreover are also consistent with the radius constraint. The
speed of sound in nuclear matter is defined as

c2
s

c2
= ∂p/∂n

∂ε/∂n
, (7)

where c is the speed of light. The speed of sound for the
new Skyrme parametrizations was checked. The total baryon
number densities when cs/c = 1 are 1.41, 1.11, 1.50 fm−3 for
Skχ414, Skχ450, Skχ500 respectively. The central densities
reached at maximum neutron star mass are 1.17, 1.18,
1.14 fm−3 for Skχ414, Skχ450, Skχ500 in this order. Only
the Skχ450 would lead to a violation of causality in neutron
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N
<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit>

N
<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit>

N
<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit> N

<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit>

N̄<latexit sha1_base64="e3JeALqKx4vUmjlnaNgwC4ZDMBM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gCWV3u2mXbjZxd1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMI4ng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nirIWjUWsugRrJrhkLcONYN1EMRwRwTpkfDvzOxOmNI/lo5kmLIjwUPKQU2ysFGQ+CZFPsMru87xfrbl1dw60SryC1KBAs1/98gcxTSMmDRVY657nJibIsDKcCpZX/FSzBNMxHrKepRJHTAfZ/OgcnVllgMJY2ZIGzdXfExmOtJ5GxHZG2Iz0sjcT//N6qQmvg4zLJDVM0sWiMBXIxGiWABpwxagRU0swVdzeiugIK0yNzaliQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACCk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AboJkg8=</latexit><latexit sha1_base64="e3JeALqKx4vUmjlnaNgwC4ZDMBM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gCWV3u2mXbjZxd1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMI4ng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nirIWjUWsugRrJrhkLcONYN1EMRwRwTpkfDvzOxOmNI/lo5kmLIjwUPKQU2ysFGQ+CZFPsMru87xfrbl1dw60SryC1KBAs1/98gcxTSMmDRVY657nJibIsDKcCpZX/FSzBNMxHrKepRJHTAfZ/OgcnVllgMJY2ZIGzdXfExmOtJ5GxHZG2Iz0sjcT//N6qQmvg4zLJDVM0sWiMBXIxGiWABpwxagRU0swVdzeiugIK0yNzaliQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACCk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AboJkg8=</latexit><latexit sha1_base64="e3JeALqKx4vUmjlnaNgwC4ZDMBM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gCWV3u2mXbjZxd1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMI4ng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nirIWjUWsugRrJrhkLcONYN1EMRwRwTpkfDvzOxOmNI/lo5kmLIjwUPKQU2ysFGQ+CZFPsMru87xfrbl1dw60SryC1KBAs1/98gcxTSMmDRVY657nJibIsDKcCpZX/FSzBNMxHrKepRJHTAfZ/OgcnVllgMJY2ZIGzdXfExmOtJ5GxHZG2Iz0sjcT//N6qQmvg4zLJDVM0sWiMBXIxGiWABpwxagRU0swVdzeiugIK0yNzaliQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACCk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AboJkg8=</latexit><latexit sha1_base64="e3JeALqKx4vUmjlnaNgwC4ZDMBM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gCWV3u2mXbjZxd1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMI4ng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nirIWjUWsugRrJrhkLcONYN1EMRwRwTpkfDvzOxOmNI/lo5kmLIjwUPKQU2ysFGQ+CZFPsMru87xfrbl1dw60SryC1KBAs1/98gcxTSMmDRVY657nJibIsDKcCpZX/FSzBNMxHrKepRJHTAfZ/OgcnVllgMJY2ZIGzdXfExmOtJ5GxHZG2Iz0sjcT//N6qQmvg4zLJDVM0sWiMBXIxGiWABpwxagRU0swVdzeiugIK0yNzaliQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACCk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AboJkg8=</latexit> N
<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit>

� U(⇡,�)
<latexit sha1_base64="rR2Cw6gXKABzieQ4NZDFw6NJwFM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCQi6LLoxmUF0xaaUCaTSTt0JgkzE6GE+Blu/BU3LhRxqSv/xkmbRW09MMzhnHu59x4/YVQqy/oxlpZXVtfWKxvVza3tnV1zb78t41Rg4uCYxaLrI0kYjYijqGKkmwiCuM9Ixx/dFH7ngQhJ4+hejRPicTSIaEgxUlrqm9bZY+b6MQvkmOsvczFi0Mnz+qzqJjQ/dSUdcHTSN2tWw5oALhK7JDVQotU3v9wgxiknkcIMSdmzrUR5GRKKYkbyqptKkiA8QgPS0zRCnEgvm1yWw2OtBDCMhX6RghN1tiNDXBY76kqO1FDOe4X4n9dLVXjlZTRKUkUiPB0UpgyqGBYxwYAKghUba4KwoHpXiIdIIKx0mFUdgj1/8iJpnzdsq2HfXdSa12UcFXAIjkAd2OASNMEtaAEHYPAEXsAbeDeejVfjw/icli4ZZc8B+APj+xfN6aFk</latexit><latexit sha1_base64="rR2Cw6gXKABzieQ4NZDFw6NJwFM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCQi6LLoxmUF0xaaUCaTSTt0JgkzE6GE+Blu/BU3LhRxqSv/xkmbRW09MMzhnHu59x4/YVQqy/oxlpZXVtfWKxvVza3tnV1zb78t41Rg4uCYxaLrI0kYjYijqGKkmwiCuM9Ixx/dFH7ngQhJ4+hejRPicTSIaEgxUlrqm9bZY+b6MQvkmOsvczFi0Mnz+qzqJjQ/dSUdcHTSN2tWw5oALhK7JDVQotU3v9wgxiknkcIMSdmzrUR5GRKKYkbyqptKkiA8QgPS0zRCnEgvm1yWw2OtBDCMhX6RghN1tiNDXBY76kqO1FDOe4X4n9dLVXjlZTRKUkUiPB0UpgyqGBYxwYAKghUba4KwoHpXiIdIIKx0mFUdgj1/8iJpnzdsq2HfXdSa12UcFXAIjkAd2OASNMEtaAEHYPAEXsAbeDeejVfjw/icli4ZZc8B+APj+xfN6aFk</latexit><latexit sha1_base64="rR2Cw6gXKABzieQ4NZDFw6NJwFM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCQi6LLoxmUF0xaaUCaTSTt0JgkzE6GE+Blu/BU3LhRxqSv/xkmbRW09MMzhnHu59x4/YVQqy/oxlpZXVtfWKxvVza3tnV1zb78t41Rg4uCYxaLrI0kYjYijqGKkmwiCuM9Ixx/dFH7ngQhJ4+hejRPicTSIaEgxUlrqm9bZY+b6MQvkmOsvczFi0Mnz+qzqJjQ/dSUdcHTSN2tWw5oALhK7JDVQotU3v9wgxiknkcIMSdmzrUR5GRKKYkbyqptKkiA8QgPS0zRCnEgvm1yWw2OtBDCMhX6RghN1tiNDXBY76kqO1FDOe4X4n9dLVXjlZTRKUkUiPB0UpgyqGBYxwYAKghUba4KwoHpXiIdIIKx0mFUdgj1/8iJpnzdsq2HfXdSa12UcFXAIjkAd2OASNMEtaAEHYPAEXsAbeDeejVfjw/icli4ZZc8B+APj+xfN6aFk</latexit><latexit sha1_base64="rR2Cw6gXKABzieQ4NZDFw6NJwFM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCQi6LLoxmUF0xaaUCaTSTt0JgkzE6GE+Blu/BU3LhRxqSv/xkmbRW09MMzhnHu59x4/YVQqy/oxlpZXVtfWKxvVza3tnV1zb78t41Rg4uCYxaLrI0kYjYijqGKkmwiCuM9Ixx/dFH7ngQhJ4+hejRPicTSIaEgxUlrqm9bZY+b6MQvkmOsvczFi0Mnz+qzqJjQ/dSUdcHTSN2tWw5oALhK7JDVQotU3v9wgxiknkcIMSdmzrUR5GRKKYkbyqptKkiA8QgPS0zRCnEgvm1yWw2OtBDCMhX6RghN1tiNDXBY76kqO1FDOe4X4n9dLVXjlZTRKUkUiPB0UpgyqGBYxwYAKghUba4KwoHpXiIdIIKx0mFUdgj1/8iJpnzdsq2HfXdSa12UcFXAIjkAd2OASNMEtaAEHYPAEXsAbeDeejVfjw/icli4ZZc8B+APj+xfN6aFk</latexit>

⇡,�
<latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit>

⇡,�
<latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit>

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

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

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

⇡,�
<latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit>

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

N
<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit>

N
<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit>

N
<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit> N

<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit>

N̄<latexit sha1_base64="e3JeALqKx4vUmjlnaNgwC4ZDMBM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gCWV3u2mXbjZxd1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMI4ng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nirIWjUWsugRrJrhkLcONYN1EMRwRwTpkfDvzOxOmNI/lo5kmLIjwUPKQU2ysFGQ+CZFPsMru87xfrbl1dw60SryC1KBAs1/98gcxTSMmDRVY657nJibIsDKcCpZX/FSzBNMxHrKepRJHTAfZ/OgcnVllgMJY2ZIGzdXfExmOtJ5GxHZG2Iz0sjcT//N6qQmvg4zLJDVM0sWiMBXIxGiWABpwxagRU0swVdzeiugIK0yNzaliQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACCk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AboJkg8=</latexit><latexit sha1_base64="e3JeALqKx4vUmjlnaNgwC4ZDMBM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gCWV3u2mXbjZxd1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMI4ng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nirIWjUWsugRrJrhkLcONYN1EMRwRwTpkfDvzOxOmNI/lo5kmLIjwUPKQU2ysFGQ+CZFPsMru87xfrbl1dw60SryC1KBAs1/98gcxTSMmDRVY657nJibIsDKcCpZX/FSzBNMxHrKepRJHTAfZ/OgcnVllgMJY2ZIGzdXfExmOtJ5GxHZG2Iz0sjcT//N6qQmvg4zLJDVM0sWiMBXIxGiWABpwxagRU0swVdzeiugIK0yNzaliQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACCk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AboJkg8=</latexit><latexit sha1_base64="e3JeALqKx4vUmjlnaNgwC4ZDMBM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gCWV3u2mXbjZxd1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMI4ng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nirIWjUWsugRrJrhkLcONYN1EMRwRwTpkfDvzOxOmNI/lo5kmLIjwUPKQU2ysFGQ+CZFPsMru87xfrbl1dw60SryC1KBAs1/98gcxTSMmDRVY657nJibIsDKcCpZX/FSzBNMxHrKepRJHTAfZ/OgcnVllgMJY2ZIGzdXfExmOtJ5GxHZG2Iz0sjcT//N6qQmvg4zLJDVM0sWiMBXIxGiWABpwxagRU0swVdzeiugIK0yNzaliQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACCk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AboJkg8=</latexit><latexit sha1_base64="e3JeALqKx4vUmjlnaNgwC4ZDMBM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYD+gCWV3u2mXbjZxd1MoIb/DiwdFvPpjvPlv3LY5aOuDgcd7M8zMI4ng2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nirIWjUWsugRrJrhkLcONYN1EMRwRwTpkfDvzOxOmNI/lo5kmLIjwUPKQU2ysFGQ+CZFPsMru87xfrbl1dw60SryC1KBAs1/98gcxTSMmDRVY657nJibIsDKcCpZX/FSzBNMxHrKepRJHTAfZ/OgcnVllgMJY2ZIGzdXfExmOtJ5GxHZG2Iz0sjcT//N6qQmvg4zLJDVM0sWiMBXIxGiWABpwxagRU0swVdzeiugIK0yNzaliQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACCk/wDK/w5kycF+fd+Vi0lpxi5hj+wPn8AboJkg8=</latexit> N
<latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit><latexit sha1_base64="on28GHKP34XjzNLIDAHD7AlPQsg=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF09SwX5Iu5Rsmm1Dk+ySZIWy7K/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwYz3vG5XW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrbkgME1yxluVWsG6iGZGhYJ1wcjPzO09MGx6rBztNWCDJSPGIU2Kd9Jj1wwhnd3k+qNa8ujcHXiV+QWpQoDmofvWHMU0lU5YKYkzP9xIbZERbTgXLK/3UsITQCRmxnqOKSGaCbH5wjs+cMsRRrF0pi+fq74mMSGOmMnSdktixWfZm4n9eL7XRdZBxlaSWKbpYFKUC2xjPvsdDrhm1YuoIoZq7WzEdE02odRlVXAj+8surpH1R9726f39Za1wWcZThBE7hHHy4ggbcQhNaQEHCM7zCG9LoBb2jj0VrCRUzx/AH6PMHso2QSA==</latexit>

� U(⇡,�)
<latexit sha1_base64="rR2Cw6gXKABzieQ4NZDFw6NJwFM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCQi6LLoxmUF0xaaUCaTSTt0JgkzE6GE+Blu/BU3LhRxqSv/xkmbRW09MMzhnHu59x4/YVQqy/oxlpZXVtfWKxvVza3tnV1zb78t41Rg4uCYxaLrI0kYjYijqGKkmwiCuM9Ixx/dFH7ngQhJ4+hejRPicTSIaEgxUlrqm9bZY+b6MQvkmOsvczFi0Mnz+qzqJjQ/dSUdcHTSN2tWw5oALhK7JDVQotU3v9wgxiknkcIMSdmzrUR5GRKKYkbyqptKkiA8QgPS0zRCnEgvm1yWw2OtBDCMhX6RghN1tiNDXBY76kqO1FDOe4X4n9dLVXjlZTRKUkUiPB0UpgyqGBYxwYAKghUba4KwoHpXiIdIIKx0mFUdgj1/8iJpnzdsq2HfXdSa12UcFXAIjkAd2OASNMEtaAEHYPAEXsAbeDeejVfjw/icli4ZZc8B+APj+xfN6aFk</latexit><latexit sha1_base64="rR2Cw6gXKABzieQ4NZDFw6NJwFM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCQi6LLoxmUF0xaaUCaTSTt0JgkzE6GE+Blu/BU3LhRxqSv/xkmbRW09MMzhnHu59x4/YVQqy/oxlpZXVtfWKxvVza3tnV1zb78t41Rg4uCYxaLrI0kYjYijqGKkmwiCuM9Ixx/dFH7ngQhJ4+hejRPicTSIaEgxUlrqm9bZY+b6MQvkmOsvczFi0Mnz+qzqJjQ/dSUdcHTSN2tWw5oALhK7JDVQotU3v9wgxiknkcIMSdmzrUR5GRKKYkbyqptKkiA8QgPS0zRCnEgvm1yWw2OtBDCMhX6RghN1tiNDXBY76kqO1FDOe4X4n9dLVXjlZTRKUkUiPB0UpgyqGBYxwYAKghUba4KwoHpXiIdIIKx0mFUdgj1/8iJpnzdsq2HfXdSa12UcFXAIjkAd2OASNMEtaAEHYPAEXsAbeDeejVfjw/icli4ZZc8B+APj+xfN6aFk</latexit><latexit sha1_base64="rR2Cw6gXKABzieQ4NZDFw6NJwFM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCQi6LLoxmUF0xaaUCaTSTt0JgkzE6GE+Blu/BU3LhRxqSv/xkmbRW09MMzhnHu59x4/YVQqy/oxlpZXVtfWKxvVza3tnV1zb78t41Rg4uCYxaLrI0kYjYijqGKkmwiCuM9Ixx/dFH7ngQhJ4+hejRPicTSIaEgxUlrqm9bZY+b6MQvkmOsvczFi0Mnz+qzqJjQ/dSUdcHTSN2tWw5oALhK7JDVQotU3v9wgxiknkcIMSdmzrUR5GRKKYkbyqptKkiA8QgPS0zRCnEgvm1yWw2OtBDCMhX6RghN1tiNDXBY76kqO1FDOe4X4n9dLVXjlZTRKUkUiPB0UpgyqGBYxwYAKghUba4KwoHpXiIdIIKx0mFUdgj1/8iJpnzdsq2HfXdSa12UcFXAIjkAd2OASNMEtaAEHYPAEXsAbeDeejVfjw/icli4ZZc8B+APj+xfN6aFk</latexit><latexit sha1_base64="rR2Cw6gXKABzieQ4NZDFw6NJwFM=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVtCQi6LLoxmUF0xaaUCaTSTt0JgkzE6GE+Blu/BU3LhRxqSv/xkmbRW09MMzhnHu59x4/YVQqy/oxlpZXVtfWKxvVza3tnV1zb78t41Rg4uCYxaLrI0kYjYijqGKkmwiCuM9Ixx/dFH7ngQhJ4+hejRPicTSIaEgxUlrqm9bZY+b6MQvkmOsvczFi0Mnz+qzqJjQ/dSUdcHTSN2tWw5oALhK7JDVQotU3v9wgxiknkcIMSdmzrUR5GRKKYkbyqptKkiA8QgPS0zRCnEgvm1yWw2OtBDCMhX6RghN1tiNDXBY76kqO1FDOe4X4n9dLVXjlZTRKUkUiPB0UpgyqGBYxwYAKghUba4KwoHpXiIdIIKx0mFUdgj1/8iJpnzdsq2HfXdSa12UcFXAIjkAd2OASNMEtaAEHYPAEXsAbeDeejVfjw/icli4ZZc8B+APj+xfN6aFk</latexit>

⇡,�
<latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit>

⇡,�
<latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit><latexit sha1_base64="PRhRBJ1E/JpLLufvRmYY6o3zDJk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXRZdOOygq2FJpTJZNIOnUeYmQglFDf+ihsXirj1K9z5N07aLLT1wDCHc+7l3nuilFFtPO/bqSwtr6yuVddrG5tb2zvu7l5Hy0xh0saSSdWNkCaMCtI21DDSTRVBPGLkPhpdF/79A1GaSnFnxikJORoImlCMjJX67kGeB5FksR5z+wUpnZwGmg44mvTdutfwpoCLxC9JHZRo9d2vIJY440QYzJDWPd9LTZgjZShmZFILMk1ShEdoQHqWCsSJDvPpCRN4bJUYJlLZJwycqr87csR1saOt5MgM9bxXiP95vcwkl2FORZoZIvBsUJIxaCQs8oAxVQQbNrYEYUXtrhAPkULY2NRqNgR//uRF0jlr+F7Dvz2vN6/KOKrgEByBE+CDC9AEN6AF2gCDR/AMXsGb8+S8OO/Ox6y04pQ9++APnM8fQjyX9g==</latexit>

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

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

Mesons, Nucleons, Nuclear Matter 
and

Functional Renormalization Group

Chiral nucleon - meson Lagrangian  

Potential               : polynomial in                     constructed to 
reproduce vacuum physics and equilibrium nuclear matter

Pionic fluctuations, nucleonic particle-hole excitations and 
many-body correlations treated non-perturbatively using FRG 
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DEPARTMENT

U(�,⇡)

Prog. Part. Nucl. Phys. 91 (2017) 347Review:   M. Drews,  W. W.  :

 isoscalar & isovector 
current-current interactions

Nambu-Goldstone boson     and “heavy” ⇡
<latexit sha1_base64="mJyJbMHN1k5H9fIK6nZtn9FcV9Y=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpLJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0TPBIsCEj2Fhp4Lp5EEke61liryBl84Fb9xreAmid+CWpQ4nWwP0KYkmyhApDONa673upCXOsDCOczmtBpmmKyQSPaN9SgROqw3yRfI4urBKjoVT2CIMW6u+NHCe6yGYnE2zGetUrxP+8fmaGt2HORJoZKsjyoWHGkZGoqAHFTFFi+MwSTBSzWREZY4WJsWXVbAn+6pfXSeeq4XsN//G63rwr66jCGZzDJfhwA014gBa0gcAUnuEV3pzceXHenY/laMUpd07hD5zPH0BnlAs=</latexit><latexit sha1_base64="mJyJbMHN1k5H9fIK6nZtn9FcV9Y=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpLJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0TPBIsCEj2Fhp4Lp5EEke61liryBl84Fb9xreAmid+CWpQ4nWwP0KYkmyhApDONa673upCXOsDCOczmtBpmmKyQSPaN9SgROqw3yRfI4urBKjoVT2CIMW6u+NHCe6yGYnE2zGetUrxP+8fmaGt2HORJoZKsjyoWHGkZGoqAHFTFFi+MwSTBSzWREZY4WJsWXVbAn+6pfXSeeq4XsN//G63rwr66jCGZzDJfhwA014gBa0gcAUnuEV3pzceXHenY/laMUpd07hD5zPH0BnlAs=</latexit><latexit sha1_base64="mJyJbMHN1k5H9fIK6nZtn9FcV9Y=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpLJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0TPBIsCEj2Fhp4Lp5EEke61liryBl84Fb9xreAmid+CWpQ4nWwP0KYkmyhApDONa673upCXOsDCOczmtBpmmKyQSPaN9SgROqw3yRfI4urBKjoVT2CIMW6u+NHCe6yGYnE2zGetUrxP+8fmaGt2HORJoZKsjyoWHGkZGoqAHFTFFi+MwSTBSzWREZY4WJsWXVbAn+6pfXSeeq4XsN//G63rwr66jCGZzDJfhwA014gBa0gcAUnuEV3pzceXHenY/laMUpd07hD5zPH0BnlAs=</latexit><latexit sha1_base64="mJyJbMHN1k5H9fIK6nZtn9FcV9Y=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdFNy4r2Ad0hpLJpG1oJhmSTKEM/RM3LhRx65+482/MtLPQ1gMhh3PuJScnSjnTxvO+ncrG5tb2TnW3trd/cHjkHp90tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJfeF3p1RpJsWTmaU0TPBIsCEj2Fhp4Lp5EEke61liryBl84Fb9xreAmid+CWpQ4nWwP0KYkmyhApDONa673upCXOsDCOczmtBpmmKyQSPaN9SgROqw3yRfI4urBKjoVT2CIMW6u+NHCe6yGYnE2zGetUrxP+8fmaGt2HORJoZKsjyoWHGkZGoqAHFTFFi+MwSTBSzWREZY4WJsWXVbAn+6pfXSeeq4XsN//G63rwr66jCGZzDJfhwA014gBa0gcAUnuEV3pzceXHenY/laMUpd07hD5zPH0BnlAs=</latexit> �
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Figure 6: The flow of the effective action �k in the infinite-dimensional space spanned by all oper-
ators allowed by the symmetries of the theory. The dynamics as a function of the renormalization
scale k is governed by the flow equation.

the k-dependent effective action parallels the discussion leading to Eq. (50). The
partition function is

Z
k

[J ] = eWk[J ] =

Z
D⇠ e�Sk[⇠,J ] . (77)

The classical field,

� =
�W

k

[J ]

�J
= h⇠i

J

, (78)

is computed from the k-dependent Schwinger functional W
k

[J ]. The k-dependent
effective action is defined as a slight modification of the Legendre transform12. If
e�
k

[�] denotes the Legendre transform of W
k

[J ], then

�
k

[�] = e�
k

[�] � �S
k

[�] = �W
k

[J ] + �>J � 1

2
�>R

k

�. (79)

The action �
k

is designed in such a way that it interpolates between the microscopic
action (at the UV scale k = ⇤) and the full quantum effective action (in the limit
k ! 0), as illustrated in Fig.6.

Derivatives of the effective action with respect to the fields (with the short-hand
notation ��p ⌘ �

��p
) are defined as follows:

�
(n,m)
k
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p
1

· · ·!� �>
pn
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� �q

1

· · · � �qm
. (80)

For the flow equation the second derivative of the effective action is needed. This

12 This modification establishes the correct connection between �k and the microscopic action S

in the limit k ! ⇤.
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where � and  are the bosonic and fermionic components of the classical field
� in analogy to Eq. (43). With these definitions we can now write down the flow
equation for the effective action �

k

as it was first derived by Wetterich [81]:

k
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Wetterich’s flow equation relates the change of the k-dependent effective action
to a one-loop diagram. In general, the flow equation is a functional differential
equation because � depends on space-time coordinates. The trace goes over inter-
nal and space-time indices. Moreover, it extends over the bosonic and fermionic
subspaces as indicated in the structure of the matrix (81). It is understood that the
fermionic subspace comes with an additional minus sign. In the pictorial version of
the flow equation, the loop stands for the propagator of any of the active (bosonic
and fermionic) degrees of freedom; the dot indicates that this is the full propaga-
tor. The cross symbolizes the insertion of the regulator function and its derivative,
k @Rk

@k

.
The k-dependent effective action interpolates by construction between the mi-

croscopic and quantum effective action, which can be seen as follows:

1. By expanding the action around the classical (background) field �, it is easy
to derive from Eq. (79) that

e��k[�] =

Z
D⇠ e�S[�+⇠]+

��k
�� ⇠� 1

2

⇠

>
Rk⇠. (83)

For k ' ⇤, the regulator function R
k

is required to be large. Consequently,
�1

2⇠>R
k

⇠ leads to a delta-functional �[⇠]. Only the classical field configu-

ration contributes to the path integral and therefore �
k

[�]
k!⇤���! S[�]. The

regulator equips all particles with large effective masses. Consequently, all
fluctuations around the classical field configuration are highly suppressed
and only the classical configuration contributes.
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subspaces as indicated in the structure of the matrix (81). It is understood that the
fermionic subspace comes with an additional minus sign. In the pictorial version of
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and fermionic) degrees of freedom; the dot indicates that this is the full propaga-
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4

between effective actions at given values of temperature and
chemical potential, �k(T, µ), and exactly at the phase transi-
tion, �k(0, µc). It is given by the flow equation

k  k�̄k(T, µ) =

�
+

 ⇤⇤⇤⇤⇤
T,µ

�
�

+

 ⇤⇤⇤⇤⇤
T=0,µ=µc

.

(18)

The full circles represent the effects of the nucleons, while the
dashed circles are the mesonic loops. The dots indicate full
propagators, while the cross-circles stand for the regulator Rk.
When mesonic loops are ignored, only the nucleons contribute
to the flow, and the integration gives their quasiparticle Fermi-
gas pressure, as in the mean-field approximation, Eq. (8). In
leading order of the derivative expansion the effective action
takes the form

�k =

�
d4x

⌅
1

2
 µ⇧

†  µ⇧+ Uk

⇧
, (19)

where Uk is the scale-dependent effective potential. The flow
equation simplifies now to an equation for the difference

Ūk(T, µ) = Uk(T, µ)� Uk(0, µc) . (20)

For vanishing temperature, the integral extends over all four
dimensions with measure

↵ dp0

2⇤

↵ d3p
(2⇤)3 , while for finite tem-

peratures the momentum trace splits into a sum over Matsu-
bara frequencies and a three-dimensional integral over spa-
tial momenta, T

⌦
n

↵ d3p
(2⇤)3 . The integrals and the Matsubara

sums can be evaluated explicitly for the spatial Litim regulator
(16). The flow equation for the effective potential Ūk becomes

 kŪk(T, µ) = f(T, µ)� f(0, µc) (21)

with

f(T, µ) =
k4

12⇥2
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(22)

Here,

E2
⇤ = k2 +m2

⇤ , E2
⌅ = k2 +m2

⌅ , E2
N = k2 + g2s⌅

2 ,

m2
⇤ = U 0

k(⇤) , m2
⌅ = U 0

k(⇤) + 2⇤U 00
k (⇤) ,

µeff = µ� gv ⌃0,k ,

nB(E) =
1

e�E �1
, and nF(E, µ) =

1

e�(E�µ) +1
.

(23)

In the limit T ⇧ 0 the finite-temperature flow equation re-
duces correctly to the expression obtained at T = 0 with the

3d-cutoff function [44, 45]. The prefactors account for the
number of degrees of freedom (for nucleons, the number of
flavors, Nf = 2, times a factor of 4 from the Dirac trace).

In addition to the flow equation for the effective action,
the ⌃0 field must be computed self-consistently. Therefore,
at each momentum scale k we solve the mean-field equation
for ⌃0,k,

 Uk

 ⌃0,k
= 0 . (24)

The only dependence on ⌃0,k appears in the mass term and
the fermionic loop. Hence, ⌃0,k is given by the solution of the
flow equation

 k ⌃0,k = � 2gv k4

3⇥2m2
v

 

 µ

⌅
nF(EN , µeff) + nF(EN ,�µeff)

EN

⇧
.

(25)

In this equation, the effective baryon chemical potential,
µeff = µ� gv⌃0,k, depends also on the field ⌃0,k, and both
⌃0,k and E2

N = k2 + g2s⌅
2 depend on the scale k. The initial

condition for the flow equation is

⌃0,�(⇤) ⇤ 0 . (26)

The ultraviolet scale, ⇥, is a parameter of the model which
must be sufficiently large in order to allow for the relevant
fluctuation effects and small enough to render the description
in terms of the model degrees of freedom realistic; we choose
⇥ = 1.4 GeV. The flow equation is then solved for a given
temperature and chemical potential. The model should be re-
liably applicable for temperatures up to at least 100 MeV and
densities up to about twice the saturation density n0 of nuclear
matter. At much higher densities, the field dependence of the
Yukawa couplings gs and gv can no longer be ignored.

Once fluctuations are taken into account, a readjustment of
the potential parameters is required. If the parametrization
(14) is chosen for the potential UMF, the nuclear equilibrium
density comes out too low by about ten percent after fluctua-
tions are taken into account. The reason is that the µ depen-
dence of the thermodynamical potential U is more involved
due to the influence of the mesonic fluctuations. It is neces-
sary to readjust the parameters in such a way that the nuclear
physics constraints are reproduced in the presence of fluctu-
ations. The parameters of the potential used in the following
are:

gs = 10 ,
gv
mv

= 1.02 · 10�2 MeV�1 ,

a2 = 65.9 , a3 = 5.55 · 10�3 MeV�2 ,

and a4 = 8.38 · 10�5 MeV�4 .

(27)

The resulting nuclear matter quantities are listed in Table I.
The mass of the ⌅ boson (not to be confused with the position
of the complex pole at

⌥
s ⌅ (500 � i 300) MeV in the I =

0 s-wave ⇥⇥ T matrix [46, 47]) becomes m⌅ ⌃ 770 MeV
with inclusion of mesonic fluctuations. Not surprisingly, it is
significantly larger than the sigma mass used previously at the
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FIG. 2. The equation of state for different proton fractions x at van-
ishing temperature. The dashed curve denotes the absolute minimum
of the energy per particle. The dotted line results from a Maxwell
construction.
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FIG. 3. The liquid-gas coexistence regions for different proton frac-
tions x.

at non-vanishing density, which can be obtained in a Maxwell
construction from the energy per particle, as depicted by the
dotted line in Fig. 2 for x = 0.1. Finally, for x smaller than
a critical value of x = 0.045 the energy per particle is rais-
ing monotonously as a function of density. There is no longer
a second minimum and the coexistence region vanishes alto-
gether as is seen in Fig. 3.

If the temperature is increased, the phase coexistence re-
gion melts until it disappears at a certain x-dependent crit-
ical temperature, which is characterized by a second-order
critical endpoint. From the behavior of the coexistence re-
gions one can read off the critical endpoint for symmetric
matter, which is located at a temperature T = 18.3 MeV and
a critical density n = 0.053 fm�3. These values are in ex-
cellent agreement with analyses of compound nuclear reac-
tions and multifragmentation experiments, which give criti-
cal temperatures of T = 17.9± 0.4 MeV and critical densi-
ties � = 0.06± 0.01 fm�3 [40, 41]. The fate of the critical
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FIG. 4. The equation of state for pure neutron matter with
Esym = 32 MeV. The gray band shows QMC results [11] with
32.0 MeV  Esym  33.7 MeV
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FIG. 5. The equation of state for pure neutron matter. The gray
band are our results with 29 MeV  Esym  33 MeV. For reference
predictions from ChEFT (full line, [5]), QMC based on realistic po-
tentials (dashed, [39]), QMC based on chiral potentials (dotted, [13])
as well as the Akmal-Pandharipande-Ravenhall EoS (dashed-dotted,
[28]) are shown.

endpoint as the proton fraction x is varied, is indicated by the
dotted curve. We note that our idealized model ignores surface
effects as well as Coulomb repulsion. In realistic scenarios at
low densities the effects of light clusters are not taken into ac-
count. A study in the framework of relativistic mean field and
microscopic quantum statistical models showed a moderate
influence on the position of the critical endpoint [42].

We want to study in more detail the equation of state for
pure neutron matter in comparison with the literature. First
the coupling G� is fixed to reproduce Esym = 32 MeV. The
L parameter corresponding to the slope of the symmetry en-
ergy as defined in Eq. (15) is then L = 66.3 MeV, close to the
empirical value 40 MeV ⇥ L ⇥ 62 MeV [33].

In Fig. 4 the energy per particle is shown as a function of
density (black line). In comparison, results obtained in a quan-
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ture. Using a statistical model a chemical freeze-out boundary
curve in the (T, µ) has been extracted [? ]. For small baryon
chemical potentials the freeze-out temperature turns out to be
very close to the transition temperature of the chiral crossover
as inferred from lattice QCD computations. If such a cor-
respondence between chemical freeze-out and chiral transi-
tion would remain valid also for large chemical potentials, one
would be tempted to conclude that the chiral phase transition
leaks well into the nuclear physics terrain that is properly de-
scribed by the present chiral chiral nucleon-meson model. It is
therefore of interest to explore whether the model as it stands
would support or disprove such an interpretation.

A partial answer has already been given in ref.[? ]. Their
mean-field analysis shows no decreasing chiral condensate
near freeze-out at large chemical potentials. Here we repeat
and extend this computation, now with the effects from ther-
mal pion loops included. As a typical example, the ⇥ field
representing the chiral condensate is plotted as a function of
temperature for a fixed chemical potential µ = 760 MeV
in Fig. 6. At this value of µ the freeze-out point derived
from the statistical model analysis is located at a tempera-
ture T = 56+9.6

�2.0 MeV. If there were a chiral phase transition
nearby, the condensate would change significantly and drop
rapidly to a small value. This is not seen in Fig. 6 where
the sigma field is plotted both at the mean-field level and
with the fluctuations taken into account using the FRG. One
observes that the magnitude of the chiral condensate is still
large up to temperatures around 100 MeV and chiral symme-
try remains spontaneously broken, as already demonstrated
in Fig. 7. Chemical freeze-out and chiral restoration are not
connected or intertwined at baryon chemical potentials char-
acteristic of the nuclear physics region and beyond.

In Fig. 7, the contours of the normalized condensate,
⇥/f� , are plotted for chemical potentials 700 MeV ⇤ µ ⇤
950 MeV. We see that the condensate stays above 2/3 of its
vacuum value throughout this region. We therefore conclude
that chiral symmetry is not restored and there is no critical
endpoint within the region 700 MeV ⇤ µ ⇤ 950 MeV and
for temperatures T ⇤ 100 MeV.

It should of course be pointed out that the chiral phase
transition or the crossover itself cannot be reliably addressed
in our model. The effective potential has been adjusted at
the liquid-gas phase transition in a Taylor expansion around
⇥ = f� . It is therefore predictive only for values of ⇥ not
too far from f� , whereas ⇥ changes rapidly in the vicinity of
the phase transition or crossover. It is nonetheless instructive
to extrapolate and examine where the phase transition actually
takes place in the model. In the mean-field approximation, the
condensate is seen to jump discontinuously to zero already at
a chemical potential of µ = 955 MeV which translates to a
density of about 1.5 times saturation density. This restricts the
applicability of the mean-field version to a relatively narrow
range around normal nuclear densities and the liquid-gas tran-
sition. Once thermal fluctuations are properly treated using
the FRG approach, the chiral condensate remains finite up to
a chemical potential µ = 1.15 MeV, or densities beyond 2.5
times nuclear saturation density. While at such large values
of the chemical potential, the field-dependence of the Yukawa
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FIG. 7. Contour plots of �/f� . Within the region of applicability of
the chiral nucleon-meson model, the condensate is still non-zero and
chiral symmetry is not restored.

couplings should already be taken into account, the fact that
fluctuations tend to stabilize the hadronic phase of sponta-
neoulsly broken chiral symmetry up to quite high baryon den-
sities emerges as a robust result.

C. Fluctuation effects at the critical endpoint

The thermal fluctuation effects included in the present FRG
calculation are also important for the description of critical be-
havior in the vicinity of the endpoint of the first-order liquid-
gas transition. As already discussed in [? ] for the present
model, a mean-field calculation cannot be expected to be reli-
able close to the phase transition.

To assess the magnitude of these fluctuations, we compare
results for the chiral susceptibility (associated with the mass of
the ⇥ mode) from the FRG calculation to those from a mean-
field calculation. A technically similar calculation [? ] for
the critical region in a quark-meson model found only a rela-
tively narrow region around the critical endpoint (in this case
of the chiral phase transition) in which fluctuations dominate.
Compared to the mean-field calculation, the critical region in
those RG results was much compressed. While the calcula-
tions performed with the quark-meson model were focused
on quark-number susceptibilities, the results guide our expec-
tations also for the present model. In the PQM study [? ], a
smoothing of the observables around the chiral crossover line
appeared once fluctuations were included.

In Figs. 8 and 9, contour lines for the chiral susceptibility,
⇤⇥ = m�2

⇥ , are shown in the T �µ plane. To facilitate a com-
parison, the susceptibilities are normalized to their respective
vacuum expectation values according to ⇤⇥(µ, T ) ⇥ m2

⇥,vac.
Qualitatively similarly to the PQM results in [? ] for the chi-
ral transition, we find in the nucleon-meson model that there is
an extended region above the critical endpoint where the sus-
ceptibility in the mean-field calculation remains large. This
region is elongated along an extrapolation of the first-order
line beyond the critical endpoint. In contrast, the fluctuation-
dominated region in the RG calculation is much more concen-

h�i(T, µ)
f⇡
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FRG
symmetric  

nuclear matter 



P
[M

eV
· f
m

�
3
]

<latexit sha1_base64="ZzRkIrV2Imu6hWwjXPT6GkFsCfk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKooMuiGzdCBfuAJJbJZNIOnUzCzEQoIQU3/oobF4q49SPc+TdO2yy09cCFwzn3cu89fsKoVJb1bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/eDXxOw9ESBrzOzVKiBehPqchxUhpqWdWM9cPYXM8dm5I28VBrGAY3WfHp7mX98yaVbemgIvELkgNFGj2zC83iHEaEa4wQ1I6tpUoL0NCUcxIXnFTSRKEh6hPHE05ioj0sukTOTzUSgDDWOjiCk7V3xMZiqQcRb7ujJAayHlvIv7nOakKL7yM8iRVhOPZojBlUMVwkggMqCBYsZEmCAuqb4V4gATCSudW0SHY8y8vkvZJ3bbq9u1ZrXFZxFEGVXAAjoANzkEDXIMmaAEMHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AAiFl7A=</latexit><latexit sha1_base64="ZzRkIrV2Imu6hWwjXPT6GkFsCfk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKooMuiGzdCBfuAJJbJZNIOnUzCzEQoIQU3/oobF4q49SPc+TdO2yy09cCFwzn3cu89fsKoVJb1bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/eDXxOw9ESBrzOzVKiBehPqchxUhpqWdWM9cPYXM8dm5I28VBrGAY3WfHp7mX98yaVbemgIvELkgNFGj2zC83iHEaEa4wQ1I6tpUoL0NCUcxIXnFTSRKEh6hPHE05ioj0sukTOTzUSgDDWOjiCk7V3xMZiqQcRb7ujJAayHlvIv7nOakKL7yM8iRVhOPZojBlUMVwkggMqCBYsZEmCAuqb4V4gATCSudW0SHY8y8vkvZJ3bbq9u1ZrXFZxFEGVXAAjoANzkEDXIMmaAEMHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AAiFl7A=</latexit><latexit sha1_base64="ZzRkIrV2Imu6hWwjXPT6GkFsCfk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKooMuiGzdCBfuAJJbJZNIOnUzCzEQoIQU3/oobF4q49SPc+TdO2yy09cCFwzn3cu89fsKoVJb1bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/eDXxOw9ESBrzOzVKiBehPqchxUhpqWdWM9cPYXM8dm5I28VBrGAY3WfHp7mX98yaVbemgIvELkgNFGj2zC83iHEaEa4wQ1I6tpUoL0NCUcxIXnFTSRKEh6hPHE05ioj0sukTOTzUSgDDWOjiCk7V3xMZiqQcRb7ujJAayHlvIv7nOakKL7yM8iRVhOPZojBlUMVwkggMqCBYsZEmCAuqb4V4gATCSudW0SHY8y8vkvZJ3bbq9u1ZrXFZxFEGVXAAjoANzkEDXIMmaAEMHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AAiFl7A=</latexit><latexit sha1_base64="ZzRkIrV2Imu6hWwjXPT6GkFsCfk=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgxpKooMuiGzdCBfuAJJbJZNIOnUzCzEQoIQU3/oobF4q49SPc+TdO2yy09cCFwzn3cu89fsKoVJb1bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/eDXxOw9ESBrzOzVKiBehPqchxUhpqWdWM9cPYXM8dm5I28VBrGAY3WfHp7mX98yaVbemgIvELkgNFGj2zC83iHEaEa4wQ1I6tpUoL0NCUcxIXnFTSRKEh6hPHE05ioj0sukTOTzUSgDDWOjiCk7V3xMZiqQcRb7ujJAayHlvIv7nOakKL7yM8iRVhOPZojBlUMVwkggMqCBYsZEmCAuqb4V4gATCSudW0SHY8y8vkvZJ3bbq9u1ZrXFZxFEGVXAAjoANzkEDXIMmaAEMHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/AAiFl7A=</latexit>

0.1
<latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit>

0.2
<latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit>

0.3
<latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit>

0.5
<latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit>

1.0
<latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit>

E [GeV · fm�3]
<latexit sha1_base64="HMNViuwo1GeGz1fskk7Hpp0m4Zk=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWBIVdFkU0WUF+4Aklslk0g6dZMLMRCghXbvxV9y4UMStP+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2FxaXlltbRWXt/Y3No2d3ZbkqcCkybmjIuOjyRhNCZNRRUjnUQQFPmMtP3B5dhvPxAhKY/v1DAhXoR6MQ0pRkpLXbOSuX4IMxcjBq/y0ci5Ji0XB1zBMLrPjk5yL++aVatmTQDniV2QKijQ6JpfbsBxGpFYYYakdGwrUV6GhKKYkbzsppIkCA9Qjziaxigi0ssmv+TwQCsBDLnQFSs4UX9PZCiSchj5ujNCqi9nvbH4n+ekKjz3MhonqSIxni4KUwYVh+NgYEAFwYoNNUFYUH0rxH0kEFY6vrIOwZ59eZ60jmu2VbNvT6v1iyKOEtgHFXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wdBaJqJ</latexit><latexit sha1_base64="HMNViuwo1GeGz1fskk7Hpp0m4Zk=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWBIVdFkU0WUF+4Aklslk0g6dZMLMRCghXbvxV9y4UMStP+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2FxaXlltbRWXt/Y3No2d3ZbkqcCkybmjIuOjyRhNCZNRRUjnUQQFPmMtP3B5dhvPxAhKY/v1DAhXoR6MQ0pRkpLXbOSuX4IMxcjBq/y0ci5Ji0XB1zBMLrPjk5yL++aVatmTQDniV2QKijQ6JpfbsBxGpFYYYakdGwrUV6GhKKYkbzsppIkCA9Qjziaxigi0ssmv+TwQCsBDLnQFSs4UX9PZCiSchj5ujNCqi9nvbH4n+ekKjz3MhonqSIxni4KUwYVh+NgYEAFwYoNNUFYUH0rxH0kEFY6vrIOwZ59eZ60jmu2VbNvT6v1iyKOEtgHFXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wdBaJqJ</latexit><latexit sha1_base64="HMNViuwo1GeGz1fskk7Hpp0m4Zk=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWBIVdFkU0WUF+4Aklslk0g6dZMLMRCghXbvxV9y4UMStP+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2FxaXlltbRWXt/Y3No2d3ZbkqcCkybmjIuOjyRhNCZNRRUjnUQQFPmMtP3B5dhvPxAhKY/v1DAhXoR6MQ0pRkpLXbOSuX4IMxcjBq/y0ci5Ji0XB1zBMLrPjk5yL++aVatmTQDniV2QKijQ6JpfbsBxGpFYYYakdGwrUV6GhKKYkbzsppIkCA9Qjziaxigi0ssmv+TwQCsBDLnQFSs4UX9PZCiSchj5ujNCqi9nvbH4n+ekKjz3MhonqSIxni4KUwYVh+NgYEAFwYoNNUFYUH0rxH0kEFY6vrIOwZ59eZ60jmu2VbNvT6v1iyKOEtgHFXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wdBaJqJ</latexit><latexit sha1_base64="HMNViuwo1GeGz1fskk7Hpp0m4Zk=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWBIVdFkU0WUF+4Aklslk0g6dZMLMRCghXbvxV9y4UMStP+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2FxaXlltbRWXt/Y3No2d3ZbkqcCkybmjIuOjyRhNCZNRRUjnUQQFPmMtP3B5dhvPxAhKY/v1DAhXoR6MQ0pRkpLXbOSuX4IMxcjBq/y0ci5Ji0XB1zBMLrPjk5yL++aVatmTQDniV2QKijQ6JpfbsBxGpFYYYakdGwrUV6GhKKYkbzsppIkCA9Qjziaxigi0ssmv+TwQCsBDLnQFSs4UX9PZCiSchj5ujNCqi9nvbH4n+ekKjz3MhonqSIxni4KUwYVh+NgYEAFwYoNNUFYUH0rxH0kEFY6vrIOwZ59eZ60jmu2VbNvT6v1iyKOEtgHFXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wdBaJqJ</latexit>

0.1
<latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit>

1
<latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit>

10
<latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit><latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit><latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit><latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit>

100
<latexit sha1_base64="PDKot7XI7mccJIe0GfOAirZSIdk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOiXXSY9YPI+RjPBtUa7iO50CrxC9IDQo0B9Wv/jCmqWTKUkGM6fk4sUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDND56hM6cMURRrV8qiufp7IiPSmKkMXackdmyWvVz8z+ulNroOMq6S1DJFF4uiVCAbo/x7NOSaUSumjhCqubsV0THRhFqXUcWF4C+/vEraF3Uf1/37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w+i+Y+h</latexit><latexit sha1_base64="PDKot7XI7mccJIe0GfOAirZSIdk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOiXXSY9YPI+RjPBtUa7iO50CrxC9IDQo0B9Wv/jCmqWTKUkGM6fk4sUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDND56hM6cMURRrV8qiufp7IiPSmKkMXackdmyWvVz8z+ulNroOMq6S1DJFF4uiVCAbo/x7NOSaUSumjhCqubsV0THRhFqXUcWF4C+/vEraF3Uf1/37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w+i+Y+h</latexit><latexit sha1_base64="PDKot7XI7mccJIe0GfOAirZSIdk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOiXXSY9YPI+RjPBtUa7iO50CrxC9IDQo0B9Wv/jCmqWTKUkGM6fk4sUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDND56hM6cMURRrV8qiufp7IiPSmKkMXackdmyWvVz8z+ulNroOMq6S1DJFF4uiVCAbo/x7NOSaUSumjhCqubsV0THRhFqXUcWF4C+/vEraF3Uf1/37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w+i+Y+h</latexit><latexit sha1_base64="PDKot7XI7mccJIe0GfOAirZSIdk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOiXXSY9YPI+RjPBtUa7iO50CrxC9IDQo0B9Wv/jCmqWTKUkGM6fk4sUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDND56hM6cMURRrV8qiufp7IiPSmKkMXackdmyWvVz8z+ulNroOMq6S1DJFF4uiVCAbo/x7NOSaUSumjhCqubsV0THRhFqXUcWF4C+/vEraF3Uf1/37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w+i+Y+h</latexit>

1000
<latexit sha1_base64="nQup15gUu8u7GEz2Pq+4l5G9LtM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoMegF48RzAOTEGYnvcmQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcKGFVZiO9HIokBiKxjfzvzWE2ojYvVgJwn2IjZUIhScWSc9Zt0gJD6ldNovV2iVzkFWiZ+TCuSo98tf3UHM0wiV5ZIZ0/FpYnsZ01ZwidNSNzWYMD5mQ+w4qliEppfNL56SM6cMSBhrV8qSufp7ImORMZMocJ0RsyOz7M3E/7xOasPrXiZUklpUfLEoTCWxMZm9TwZCI7dy4gjjWrhbCR8xzbh1IZVcCP7yy6ukeVH1adW/v6zUbvI4inACp3AOPlxBDe6gDg3goOAZXuHNM96L9+59LFoLXj5zDH/gff4AEzyP2w==</latexit><latexit sha1_base64="nQup15gUu8u7GEz2Pq+4l5G9LtM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoMegF48RzAOTEGYnvcmQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcKGFVZiO9HIokBiKxjfzvzWE2ojYvVgJwn2IjZUIhScWSc9Zt0gJD6ldNovV2iVzkFWiZ+TCuSo98tf3UHM0wiV5ZIZ0/FpYnsZ01ZwidNSNzWYMD5mQ+w4qliEppfNL56SM6cMSBhrV8qSufp7ImORMZMocJ0RsyOz7M3E/7xOasPrXiZUklpUfLEoTCWxMZm9TwZCI7dy4gjjWrhbCR8xzbh1IZVcCP7yy6ukeVH1adW/v6zUbvI4inACp3AOPlxBDe6gDg3goOAZXuHNM96L9+59LFoLXj5zDH/gff4AEzyP2w==</latexit><latexit sha1_base64="nQup15gUu8u7GEz2Pq+4l5G9LtM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoMegF48RzAOTEGYnvcmQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcKGFVZiO9HIokBiKxjfzvzWE2ojYvVgJwn2IjZUIhScWSc9Zt0gJD6ldNovV2iVzkFWiZ+TCuSo98tf3UHM0wiV5ZIZ0/FpYnsZ01ZwidNSNzWYMD5mQ+w4qliEppfNL56SM6cMSBhrV8qSufp7ImORMZMocJ0RsyOz7M3E/7xOasPrXiZUklpUfLEoTCWxMZm9TwZCI7dy4gjjWrhbCR8xzbh1IZVcCP7yy6ukeVH1adW/v6zUbvI4inACp3AOPlxBDe6gDg3goOAZXuHNM96L9+59LFoLXj5zDH/gff4AEzyP2w==</latexit><latexit sha1_base64="nQup15gUu8u7GEz2Pq+4l5G9LtM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoMegF48RzAOTEGYnvcmQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcKGFVZiO9HIokBiKxjfzvzWE2ojYvVgJwn2IjZUIhScWSc9Zt0gJD6ldNovV2iVzkFWiZ+TCuSo98tf3UHM0wiV5ZIZ0/FpYnsZ01ZwidNSNzWYMD5mQ+w4qliEppfNL56SM6cMSBhrV8qSufp7ImORMZMocJ0RsyOz7M3E/7xOasPrXiZUklpUfLEoTCWxMZm9TwZCI7dy4gjjWrhbCR8xzbh1IZVcCP7yy6ukeVH1adW/v6zUbvI4inACp3AOPlxBDe6gDg3goOAZXuHNM96L9+59LFoLXj5zDH/gff4AEzyP2w==</latexit>

0.15
<latexit sha1_base64="4SCOw3van59jNqQSB71nQYsSUcA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz0mPWCkLhVrzbtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3icDrpAZMbGEMsXtrYSNqKLM2JBKNgRv+eVV0rqoejaz+8tK/SaPowgncArn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6K14OQzx/AHzucPF8WP3g==</latexit><latexit sha1_base64="4SCOw3van59jNqQSB71nQYsSUcA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz0mPWCkLhVrzbtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3icDrpAZMbGEMsXtrYSNqKLM2JBKNgRv+eVV0rqoejaz+8tK/SaPowgncArn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6K14OQzx/AHzucPF8WP3g==</latexit><latexit sha1_base64="4SCOw3van59jNqQSB71nQYsSUcA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz0mPWCkLhVrzbtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3icDrpAZMbGEMsXtrYSNqKLM2JBKNgRv+eVV0rqoejaz+8tK/SaPowgncArn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6K14OQzx/AHzucPF8WP3g==</latexit><latexit sha1_base64="4SCOw3van59jNqQSB71nQYsSUcA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz0mPWCkLhVrzbtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3icDrpAZMbGEMsXtrYSNqKLM2JBKNgRv+eVV0rqoejaz+8tK/SaPowgncArn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6K14OQzx/AHzucPF8WP3g==</latexit>

0.7
<latexit sha1_base64="xoTzAhmajVOI+FmdPBl7EiBfdfs=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi1GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSuvQD7Af3V9X6TRFHCU7hDC4ggBrU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+pCY+l</latexit><latexit sha1_base64="xoTzAhmajVOI+FmdPBl7EiBfdfs=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi1GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSuvQD7Af3V9X6TRFHCU7hDC4ggBrU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+pCY+l</latexit><latexit sha1_base64="xoTzAhmajVOI+FmdPBl7EiBfdfs=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi1GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSuvQD7Af3V9X6TRFHCU7hDC4ggBrU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+pCY+l</latexit><latexit sha1_base64="xoTzAhmajVOI+FmdPBl7EiBfdfs=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi1GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSuvQD7Af3V9X6TRFHCU7hDC4ggBrU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+pCY+l</latexit>

1.5
<latexit sha1_base64="jaCVlFmBRFqsaabH0EV6IZBKCP0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLK6tr6RnmzsrW9s7tX3T9omSTTlDVpIhLdjohhgivWtNwK1k41IzIS7CEa3Uz9hyemDU/UvR2nLJRkoHjMKbFOesy7UYywfzHpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58HPj47rxWvy7iKMMRHMMpYLiEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4aPpA==</latexit><latexit sha1_base64="jaCVlFmBRFqsaabH0EV6IZBKCP0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLK6tr6RnmzsrW9s7tX3T9omSTTlDVpIhLdjohhgivWtNwK1k41IzIS7CEa3Uz9hyemDU/UvR2nLJRkoHjMKbFOesy7UYywfzHpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58HPj47rxWvy7iKMMRHMMpYLiEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4aPpA==</latexit><latexit sha1_base64="jaCVlFmBRFqsaabH0EV6IZBKCP0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLK6tr6RnmzsrW9s7tX3T9omSTTlDVpIhLdjohhgivWtNwK1k41IzIS7CEa3Uz9hyemDU/UvR2nLJRkoHjMKbFOesy7UYywfzHpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58HPj47rxWvy7iKMMRHMMpYLiEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4aPpA==</latexit><latexit sha1_base64="jaCVlFmBRFqsaabH0EV6IZBKCP0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLK6tr6RnmzsrW9s7tX3T9omSTTlDVpIhLdjohhgivWtNwK1k41IzIS7CEa3Uz9hyemDU/UvR2nLJRkoHjMKbFOesy7UYywfzHpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58HPj47rxWvy7iKMMRHMMpYLiEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4aPpA==</latexit>

In[2223]:=
Plot@dP@ED, 8E, 0.1, 1.5<D
Show@%, Frame Ø True, FrameLabel Ø 8"energy density @GeVêfm^3D", "sound velocity cs^2"< D

Out[2223]=
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0.2
<latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit>

0.2
<latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit>

0.1
<latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit>

0.2
<latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit>

0.3
<latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit>

0.4
<latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit>

0.5
<latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit>

0.0
<latexit sha1_base64="SZZjC3HftaJkvZSXz7qbkcx35GQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9pS8mm2TY0yS7JrFCW/govHhTx6s/x5r8xbfegrQ9CHu/NMDMvTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGr/rRfrrhvDrJKgpxUIEe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o6jmipue9l84Sk5c8qARLFxTyOZq787MqqsnajQVSqKI7vszcT/vE6K0XUvEzpJkWu2GBSlkmBMZteTgTCcoZw4QpkRblfCRtRQhi6jkgshWD55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L0oKX9xzDH3ifP55mj54=</latexit><latexit sha1_base64="SZZjC3HftaJkvZSXz7qbkcx35GQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9pS8mm2TY0yS7JrFCW/govHhTx6s/x5r8xbfegrQ9CHu/NMDMvTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGr/rRfrrhvDrJKgpxUIEe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o6jmipue9l84Sk5c8qARLFxTyOZq787MqqsnajQVSqKI7vszcT/vE6K0XUvEzpJkWu2GBSlkmBMZteTgTCcoZw4QpkRblfCRtRQhi6jkgshWD55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L0oKX9xzDH3ifP55mj54=</latexit><latexit sha1_base64="SZZjC3HftaJkvZSXz7qbkcx35GQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9pS8mm2TY0yS7JrFCW/govHhTx6s/x5r8xbfegrQ9CHu/NMDMvTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGr/rRfrrhvDrJKgpxUIEe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o6jmipue9l84Sk5c8qARLFxTyOZq787MqqsnajQVSqKI7vszcT/vE6K0XUvEzpJkWu2GBSlkmBMZteTgTCcoZw4QpkRblfCRtRQhi6jkgshWD55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L0oKX9xzDH3ifP55mj54=</latexit><latexit sha1_base64="SZZjC3HftaJkvZSXz7qbkcx35GQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9pS8mm2TY0yS7JrFCW/govHhTx6s/x5r8xbfegrQ9CHu/NMDMvTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGr/rRfrrhvDrJKgpxUIEe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o6jmipue9l84Sk5c8qARLFxTyOZq787MqqsnajQVSqKI7vszcT/vE6K0XUvEzpJkWu2GBSlkmBMZteTgTCcoZw4QpkRblfCRtRQhi6jkgshWD55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L0oKX9xzDH3ifP55mj54=</latexit>

0.4
<latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit>

0.4
<latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit>

0.6
<latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit>

0.6
<latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit>

0.8
<latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit>

0.8
<latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit>

1.0
<latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit>

1.0
<latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit>

1.2
<latexit sha1_base64="WZKZ59l/pv2+hHnse47SuCDGM70=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WjZF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNDYJvb219Y3Nru7RT3t3bPzisHB23TJJpypo0EYnuRMQwwRVrWm4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJj3kvihH2a9N+pRr4wRxoleCCVKFAo1/56g0SmkmmLBXEmC4OUhvmRFtOBZuWe5lhKaFjMmRdRxWRzIT5/OApOnfKAMWJdqUsmqu/J3IijZnIyHVKYkdm2ZuJ/3ndzMbXYc5Vmlmm6GJRnAlkEzT7Hg24ZtSKiSOEau5uRXRENKHWZVR2IeDll1dJq+bjwMf3l9X6TRFHCU7hDC4AwxXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+i94+h</latexit><latexit sha1_base64="WZKZ59l/pv2+hHnse47SuCDGM70=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WjZF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNDYJvb219Y3Nru7RT3t3bPzisHB23TJJpypo0EYnuRMQwwRVrWm4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJj3kvihH2a9N+pRr4wRxoleCCVKFAo1/56g0SmkmmLBXEmC4OUhvmRFtOBZuWe5lhKaFjMmRdRxWRzIT5/OApOnfKAMWJdqUsmqu/J3IijZnIyHVKYkdm2ZuJ/3ndzMbXYc5Vmlmm6GJRnAlkEzT7Hg24ZtSKiSOEau5uRXRENKHWZVR2IeDll1dJq+bjwMf3l9X6TRFHCU7hDC4AwxXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+i94+h</latexit><latexit sha1_base64="WZKZ59l/pv2+hHnse47SuCDGM70=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WjZF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNDYJvb219Y3Nru7RT3t3bPzisHB23TJJpypo0EYnuRMQwwRVrWm4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJj3kvihH2a9N+pRr4wRxoleCCVKFAo1/56g0SmkmmLBXEmC4OUhvmRFtOBZuWe5lhKaFjMmRdRxWRzIT5/OApOnfKAMWJdqUsmqu/J3IijZnIyHVKYkdm2ZuJ/3ndzMbXYc5Vmlmm6GJRnAlkEzT7Hg24ZtSKiSOEau5uRXRENKHWZVR2IeDll1dJq+bjwMf3l9X6TRFHCU7hDC4AwxXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+i94+h</latexit><latexit sha1_base64="WZKZ59l/pv2+hHnse47SuCDGM70=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WjZF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNDYJvb219Y3Nru7RT3t3bPzisHB23TJJpypo0EYnuRMQwwRVrWm4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJj3kvihH2a9N+pRr4wRxoleCCVKFAo1/56g0SmkmmLBXEmC4OUhvmRFtOBZuWe5lhKaFjMmRdRxWRzIT5/OApOnfKAMWJdqUsmqu/J3IijZnIyHVKYkdm2ZuJ/3ndzMbXYc5Vmlmm6GJRnAlkEzT7Hg24ZtSKiSOEau5uRXRENKHWZVR2IeDll1dJq+bjwMf3l9X6TRFHCU7hDC4AwxXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+i94+h</latexit>

1.4
<latexit sha1_base64="AX1LUjf5m1bfWbEJ+7WSa5qevQk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0771VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxtfhzlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVb4o4ynACp3AOGK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApgGPow==</latexit><latexit sha1_base64="AX1LUjf5m1bfWbEJ+7WSa5qevQk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0771VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxtfhzlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVb4o4ynACp3AOGK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApgGPow==</latexit><latexit sha1_base64="AX1LUjf5m1bfWbEJ+7WSa5qevQk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0771VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxtfhzlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVb4o4ynACp3AOGK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApgGPow==</latexit><latexit sha1_base64="AX1LUjf5m1bfWbEJ+7WSa5qevQk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0771VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxtfhzlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVb4o4ynACp3AOGK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApgGPow==</latexit>
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increase in travel time
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heaviest neutron star

with 1.97±0.04 Msun

Nature, Oct. 28, 2010

J. Antoniadis et al. 
Science 340 (2013) 6131

  MASSIVE  NEUTRON  STARS

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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PSR J0348+0432

P.B. Demorest et al. 
Nature 467 (2010) 1081

Shapiro delay measurement

PSR J1614+2230

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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Constraints on the nuclear equation of state (EOS)LETTER
doi:10.1038/nature09466

A two-solar-mass neutron star measured using
Shapiro delay
P. B. Demorest1, T. Pennucci2, S. M. Ransom1, M. S. E. Roberts3 & J. W. T. Hessels4,5

Neutron stars are composed of the densest form of matter known
to exist in our Universe, the composition and properties of which
are still theoretically uncertain. Measurements of the masses or
radii of these objects can strongly constrain the neutron starmatter
equation of state and rule out theoretical models of their composi-
tion1,2. The observed range of neutron star masses, however, has
hitherto been too narrow to rule out many predictions of ‘exotic’
non-nucleonic components3–6. The Shapiro delay is a general-relat-
ivistic increase in light travel time through the curved space-time
near a massive body7. For highly inclined (nearly edge-on) binary
millisecond radio pulsar systems, this effect allows us to infer the
masses of both the neutron star and its binary companion to high
precision8,9. Here we present radio timing observations of the binary
millisecond pulsar J1614-223010,11 that show a strong Shapiro delay
signature.We calculate the pulsarmass to be (1.976 0.04)M[, which
rules out almost all currently proposed2–5 hyperon or boson con-
densate equations of state (M[, solar mass). Quark matter can sup-
port a star thismassive only if the quarks are strongly interacting and
are therefore not ‘free’ quarks12.
In March 2010, we performed a dense set of observations of J1614-

2230 with the National Radio Astronomy Observatory Green Bank
Telescope (GBT), timed to follow the system through one complete
8.7-d orbit with special attention paid to the orbital conjunction, where
theShapirodelay signal is strongest.Thesedatawere takenwith thenewly
built Green Bank Ultimate Pulsar Processing Instrument (GUPPI).
GUPPI coherently removes interstellar dispersive smearing from the
pulsar signal and integrates the data modulo the current apparent pulse
period, producing a set of average pulse profiles, or flux-versus-rota-
tional-phase light curves. From these, we determined pulse times of
arrival using standard procedures, with a typical uncertainty of,1ms.
We used themeasured arrival times to determine key physical para-

meters of the neutron star and its binary system by fitting them to a
comprehensive timing model that accounts for every rotation of the
neutron star over the time spanned by the fit. The model predicts at
what times pulses should arrive at Earth, taking into account pulsar
rotation and spin-down, astrometric terms (sky position and proper
motion), binary orbital parameters, time-variable interstellar disper-
sion and general-relativistic effects such as the Shapiro delay (Table 1).
We compared the observed arrival times with the model predictions,
and obtained best-fit parameters by x2 minimization, using the
TEMPO2 software package13. We also obtained consistent results
using the original TEMPO package. The post-fit residuals, that is,
the differences between the observed and the model-predicted pulse
arrival times, effectively measure how well the timing model describes
the data, and are shown in Fig. 1. We included both a previously
recorded long-term data set and our new GUPPI data in a single fit.
The long-term data determine model parameters (for example spin-
down rate and astrometry) with characteristic timescales longer than
a few weeks, whereas the new data best constrain parameters on
timescales of the orbital period or less. Additional discussion of the

long-termdata set, parameter covariance and dispersionmeasure vari-
ation can be found in Supplementary Information.
As shown in Fig. 1, the Shapiro delay was detected in our data with

extremely high significance, and must be included to model the arrival
times of the radio pulses correctly.However, estimating parameter values
and uncertainties can be difficult owing to the high covariance between
many orbital timing model terms14. Furthermore, the x2 surfaces for the
Shapiro-derived companionmass (M2) and inclination angle (i) are often
significantly curved or otherwise non-Gaussian15. To obtain robust error
estimates, we used a Markov chain Monte Carlo (MCMC) approach to
explore the post-fitx2 space andderive posterior probability distributions
for all timing model parameters (Fig. 2). Our final results for the model

1National Radio Astronomy Observatory, 520 Edgemont Road, Charlottesville, Virginia 22093, USA. 2Astronomy Department, University of Virginia, Charlottesville, Virginia 22094-4325, USA. 3Eureka
Scientific, Inc., Oakland, California 94602, USA. 4Netherlands Institute for Radio Astronomy (ASTRON), Postbus 2, 7990 AA Dwingeloo, The Netherlands. 5Astronomical Institute ‘‘Anton Pannekoek’’,
University of Amsterdam, 1098 SJ Amsterdam, The Netherlands.

Table 1 | Physical parameters for PSR J1614-2230
Parameter Value

Ecliptic longitude (l) 245.78827556(5)u
Ecliptic latitude (b) 21.256744(2)u
Proper motion in l 9.79(7)mas yr21

Proper motion in b 230(3)mas yr21

Parallax 0.5(6)mas
Pulsar spin period 3.1508076534271(6)ms
Period derivative 9.6216(9) 310221 s s21

Reference epoch (MJD) 53,600
Dispersion measure* 34.4865pc cm23

Orbital period 8.6866194196(2) d
Projected semimajor axis 11.2911975(2) light s
First Laplace parameter (esinv) 1.1(3) 31027

Second Laplace parameter (ecosv) 21.29(3) 31026

Companion mass 0.500(6)M[
Sine of inclination angle 0.999894(5)
Epoch of ascending node (MJD) 52,331.1701098(3)
Span of timing data (MJD) 52,469–55,330
Number of TOAs{ 2,206 (454, 1,752)
Root mean squared TOA residual 1.1 ms

Right ascension (J2000) 16h 14min 36.5051(5) s
Declination (J2000) 222u 309 31.081(7)99
Orbital eccentricity (e) 1.30(4) 31026

Inclination angle 89.17(2)u
Pulsar mass 1.97(4)M[
Dispersion-derived distance{ 1.2 kpc
Parallax distance .0.9 kpc
Surface magnetic field 1.8 3108G
Characteristic age 5.2Gyr
Spin-down luminosity 1.2 31034 erg s21

Average flux density* at 1.4GHz 1.2mJy
Spectral index, 1.1–1.9GHz 21.9(1)
Rotation measure 228.0(3) radm22

Timingmodel parameters (top), quantities derived from timingmodel parameter values (middle) and
radio spectral and interstellar medium properties (bottom). Values in parentheses represent the 1s
uncertainty in the final digit, asdeterminedbyMCMCerror analysis. The fit includedboth ‘long-term’ data
spanning seven years and new GBT–GUPPI data spanning three months. The new data were observed
using an800-MHz-wide band centred at a radio frequency of 1.5GHz. The rawprofileswere polarization-
and flux-calibrated and averaged into 100-MHz, 7.5-min intervals using the PSRCHIVE software
package25, from which pulse times of arrival (TOAs) were determined. MJD, modified Julian date.
*These quantities vary stochastically on>1-d timescales. Values presented here are the averages for
our GUPPI data set.
{Shown in parentheses are separate values for the long-term (first) and new (second) data sets.
{Calculated using the NE2001 pulsar distance model26.
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parameters, withMCMC error estimates, are given in Table 1. Owing to
the high significance of this detection, our MCMC procedure and a
standard x2 fit produce similar uncertainties.
From the detected Shapiro delay, we measure a companion mass of

(0.50060.006)M[, which implies that the companion is a helium–
carbon–oxygenwhite dwarf16. The Shapiro delay also shows the binary

system to be remarkably edge-on, with an inclination of 89.17u6 0.02u.
This is the most inclined pulsar binary system known at present. The
amplitude and sharpness of the Shapiro delay increase rapidly with
increasing binary inclination and the overall scaling of the signal is
linearly proportional to the mass of the companion star. Thus, the
unique combination of the high orbital inclination and massive white
dwarf companion in J1614-2230 cause a Shapiro delay amplitude
orders of magnitude larger than for most other millisecond pulsars.
In addition, the excellent timing precision achievable from the pulsar
with the GBT and GUPPI provide a very high signal-to-noise ratio
measurement of both Shapiro delay parameters within a single orbit.
The standardKeplerian orbital parameters, combinedwith the known

companionmass and orbital inclination, fully describe the dynamics of a
‘clean’ binary system—one comprising two stable compact objects—
under general relativity and therefore also determine the pulsar’s mass.
Wemeasure a pulsar mass of (1.976 0.04)M[, which is by far the high-
est preciselymeasured neutron star mass determined to date. In contrast
with X-ray-based mass/radius measurements17, the Shapiro delay pro-
videsno informationabout theneutron star’s radius.However, unlike the
X-ray methods, our result is nearly model independent, as it depends
only on general relativity being an adequate description of gravity.
In addition, unlike statistical pulsar mass determinations based on
measurement of the advance of periastron18–20, pure Shapiro delay mass
measurements involve no assumptions about classical contributions to
periastron advance or the distribution of orbital inclinations.
The mass measurement alone of a 1.97M[ neutron star signifi-

cantly constrains the nuclear matter equation of state (EOS), as shown
in Fig. 3. Any proposed EOS whose mass–radius track does not inter-
sect the J1614-2230 mass line is ruled out by this measurement. The
EOSs that produce the lowestmaximummasses tend to be thosewhich
predict significant softening past a certain central density. This is a
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Figure 1 | Shapiro delay measurement for PSR
J1614-2230. Timing residual—the excess delay
not accounted for by the timing model—as a
function of the pulsar’s orbital phase. a, Full
magnitude of the Shapiro delay when all other
model parameters are fixed at their best-fit values.
The solid line shows the functional form of the
Shapiro delay, and the red points are the 1,752
timingmeasurements in ourGBT–GUPPI data set.
The diagrams inset in this panel show top-down
schematics of the binary system at orbital phases of
0.25, 0.5 and 0.75 turns (from left to right). The
neutron star is shown in red, the white dwarf
companion in blue and the emitted radio beam,
pointing towards Earth, in yellow. At orbital phase
of 0.25 turns, the Earth–pulsar line of sight passes
nearest to the companion (,240,000 km),
producing the sharp peak in pulse delay.We found
no evidence for any kind of pulse intensity
variations, as from an eclipse, near conjunction.
b, Best-fit residuals obtained using an orbitalmodel
that does not account for general-relativistic effects.
In this case, some of the Shapiro delay signal is
absorbed by covariant non-relativistic model
parameters. That these residuals deviate
significantly from a random, Gaussian distribution
of zero mean shows that the Shapiro delay must be
included to model the pulse arrival times properly,
especially at conjunction. In addition to the red
GBT–GUPPI points, the 454 grey points show the
previous ‘long-term’ data set. The drastic
improvement in data quality is apparent. c, Post-fit
residuals for the fully relativistic timing model
(including Shapiro delay), which have a root mean
squared residual of 1.1ms and a reduced x2 value of
1.4 with 2,165 degrees of freedom. Error bars, 1s.
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Figure 2 | Results of theMCMCerror analysis. a, Grey-scale image shows the
two-dimensional posterior probability density function (PDF) in theM2–i
plane, computed from a histogram ofMCMC trial values. The ellipses show 1s
and 3s contours based on a Gaussian approximation to the MCMC results.
b, PDF for pulsar mass derived from the MCMC trials. The vertical lines show
the 1s and 3s limits on the pulsar mass. In both cases, the results are very well
described by normal distributions owing to the extremely high signal-to-noise
ratio of our Shapiro delay detection. Unlike secular orbital effects (for example
precession of periastron), the Shapiro delay does not accumulate over time, so
the measurement uncertainty scales simply as T21/2, where T is the total
observing time. Therefore, we are unlikely to see a significant improvement on
these results with currently available telescopes and instrumentation.
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parameters, withMCMC error estimates, are given in Table 1. Owing to
the high significance of this detection, our MCMC procedure and a
standard x2 fit produce similar uncertainties.
From the detected Shapiro delay, we measure a companion mass of

(0.50060.006)M[, which implies that the companion is a helium–
carbon–oxygenwhite dwarf16. The Shapiro delay also shows the binary

system to be remarkably edge-on, with an inclination of 89.17u6 0.02u.
This is the most inclined pulsar binary system known at present. The
amplitude and sharpness of the Shapiro delay increase rapidly with
increasing binary inclination and the overall scaling of the signal is
linearly proportional to the mass of the companion star. Thus, the
unique combination of the high orbital inclination and massive white
dwarf companion in J1614-2230 cause a Shapiro delay amplitude
orders of magnitude larger than for most other millisecond pulsars.
In addition, the excellent timing precision achievable from the pulsar
with the GBT and GUPPI provide a very high signal-to-noise ratio
measurement of both Shapiro delay parameters within a single orbit.
The standardKeplerian orbital parameters, combinedwith the known

companionmass and orbital inclination, fully describe the dynamics of a
‘clean’ binary system—one comprising two stable compact objects—
under general relativity and therefore also determine the pulsar’s mass.
Wemeasure a pulsar mass of (1.976 0.04)M[, which is by far the high-
est preciselymeasured neutron star mass determined to date. In contrast
with X-ray-based mass/radius measurements17, the Shapiro delay pro-
videsno informationabout theneutron star’s radius.However, unlike the
X-ray methods, our result is nearly model independent, as it depends
only on general relativity being an adequate description of gravity.
In addition, unlike statistical pulsar mass determinations based on
measurement of the advance of periastron18–20, pure Shapiro delay mass
measurements involve no assumptions about classical contributions to
periastron advance or the distribution of orbital inclinations.
The mass measurement alone of a 1.97M[ neutron star signifi-

cantly constrains the nuclear matter equation of state (EOS), as shown
in Fig. 3. Any proposed EOS whose mass–radius track does not inter-
sect the J1614-2230 mass line is ruled out by this measurement. The
EOSs that produce the lowestmaximummasses tend to be thosewhich
predict significant softening past a certain central density. This is a
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Figure 1 | Shapiro delay measurement for PSR
J1614-2230. Timing residual—the excess delay
not accounted for by the timing model—as a
function of the pulsar’s orbital phase. a, Full
magnitude of the Shapiro delay when all other
model parameters are fixed at their best-fit values.
The solid line shows the functional form of the
Shapiro delay, and the red points are the 1,752
timingmeasurements in ourGBT–GUPPI data set.
The diagrams inset in this panel show top-down
schematics of the binary system at orbital phases of
0.25, 0.5 and 0.75 turns (from left to right). The
neutron star is shown in red, the white dwarf
companion in blue and the emitted radio beam,
pointing towards Earth, in yellow. At orbital phase
of 0.25 turns, the Earth–pulsar line of sight passes
nearest to the companion (,240,000 km),
producing the sharp peak in pulse delay.We found
no evidence for any kind of pulse intensity
variations, as from an eclipse, near conjunction.
b, Best-fit residuals obtained using an orbitalmodel
that does not account for general-relativistic effects.
In this case, some of the Shapiro delay signal is
absorbed by covariant non-relativistic model
parameters. That these residuals deviate
significantly from a random, Gaussian distribution
of zero mean shows that the Shapiro delay must be
included to model the pulse arrival times properly,
especially at conjunction. In addition to the red
GBT–GUPPI points, the 454 grey points show the
previous ‘long-term’ data set. The drastic
improvement in data quality is apparent. c, Post-fit
residuals for the fully relativistic timing model
(including Shapiro delay), which have a root mean
squared residual of 1.1ms and a reduced x2 value of
1.4 with 2,165 degrees of freedom. Error bars, 1s.
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Figure 2 | Results of theMCMCerror analysis. a, Grey-scale image shows the
two-dimensional posterior probability density function (PDF) in theM2–i
plane, computed from a histogram ofMCMC trial values. The ellipses show 1s
and 3s contours based on a Gaussian approximation to the MCMC results.
b, PDF for pulsar mass derived from the MCMC trials. The vertical lines show
the 1s and 3s limits on the pulsar mass. In both cases, the results are very well
described by normal distributions owing to the extremely high signal-to-noise
ratio of our Shapiro delay detection. Unlike secular orbital effects (for example
precession of periastron), the Shapiro delay does not accumulate over time, so
the measurement uncertainty scales simply as T21/2, where T is the total
observing time. Therefore, we are unlikely to see a significant improvement on
these results with currently available telescopes and instrumentation.
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parameters, withMCMC error estimates, are given in Table 1. Owing to
the high significance of this detection, our MCMC procedure and a
standard x2 fit produce similar uncertainties.
From the detected Shapiro delay, we measure a companion mass of

(0.50060.006)M[, which implies that the companion is a helium–
carbon–oxygenwhite dwarf16. The Shapiro delay also shows the binary

system to be remarkably edge-on, with an inclination of 89.17u6 0.02u.
This is the most inclined pulsar binary system known at present. The
amplitude and sharpness of the Shapiro delay increase rapidly with
increasing binary inclination and the overall scaling of the signal is
linearly proportional to the mass of the companion star. Thus, the
unique combination of the high orbital inclination and massive white
dwarf companion in J1614-2230 cause a Shapiro delay amplitude
orders of magnitude larger than for most other millisecond pulsars.
In addition, the excellent timing precision achievable from the pulsar
with the GBT and GUPPI provide a very high signal-to-noise ratio
measurement of both Shapiro delay parameters within a single orbit.
The standardKeplerian orbital parameters, combinedwith the known

companionmass and orbital inclination, fully describe the dynamics of a
‘clean’ binary system—one comprising two stable compact objects—
under general relativity and therefore also determine the pulsar’s mass.
Wemeasure a pulsar mass of (1.976 0.04)M[, which is by far the high-
est preciselymeasured neutron star mass determined to date. In contrast
with X-ray-based mass/radius measurements17, the Shapiro delay pro-
videsno informationabout theneutron star’s radius.However, unlike the
X-ray methods, our result is nearly model independent, as it depends
only on general relativity being an adequate description of gravity.
In addition, unlike statistical pulsar mass determinations based on
measurement of the advance of periastron18–20, pure Shapiro delay mass
measurements involve no assumptions about classical contributions to
periastron advance or the distribution of orbital inclinations.
The mass measurement alone of a 1.97M[ neutron star signifi-

cantly constrains the nuclear matter equation of state (EOS), as shown
in Fig. 3. Any proposed EOS whose mass–radius track does not inter-
sect the J1614-2230 mass line is ruled out by this measurement. The
EOSs that produce the lowestmaximummasses tend to be thosewhich
predict significant softening past a certain central density. This is a
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Figure 1 | Shapiro delay measurement for PSR
J1614-2230. Timing residual—the excess delay
not accounted for by the timing model—as a
function of the pulsar’s orbital phase. a, Full
magnitude of the Shapiro delay when all other
model parameters are fixed at their best-fit values.
The solid line shows the functional form of the
Shapiro delay, and the red points are the 1,752
timingmeasurements in ourGBT–GUPPI data set.
The diagrams inset in this panel show top-down
schematics of the binary system at orbital phases of
0.25, 0.5 and 0.75 turns (from left to right). The
neutron star is shown in red, the white dwarf
companion in blue and the emitted radio beam,
pointing towards Earth, in yellow. At orbital phase
of 0.25 turns, the Earth–pulsar line of sight passes
nearest to the companion (,240,000 km),
producing the sharp peak in pulse delay.We found
no evidence for any kind of pulse intensity
variations, as from an eclipse, near conjunction.
b, Best-fit residuals obtained using an orbitalmodel
that does not account for general-relativistic effects.
In this case, some of the Shapiro delay signal is
absorbed by covariant non-relativistic model
parameters. That these residuals deviate
significantly from a random, Gaussian distribution
of zero mean shows that the Shapiro delay must be
included to model the pulse arrival times properly,
especially at conjunction. In addition to the red
GBT–GUPPI points, the 454 grey points show the
previous ‘long-term’ data set. The drastic
improvement in data quality is apparent. c, Post-fit
residuals for the fully relativistic timing model
(including Shapiro delay), which have a root mean
squared residual of 1.1ms and a reduced x2 value of
1.4 with 2,165 degrees of freedom. Error bars, 1s.
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Figure 2 | Results of theMCMCerror analysis. a, Grey-scale image shows the
two-dimensional posterior probability density function (PDF) in theM2–i
plane, computed from a histogram ofMCMC trial values. The ellipses show 1s
and 3s contours based on a Gaussian approximation to the MCMC results.
b, PDF for pulsar mass derived from the MCMC trials. The vertical lines show
the 1s and 3s limits on the pulsar mass. In both cases, the results are very well
described by normal distributions owing to the extremely high signal-to-noise
ratio of our Shapiro delay detection. Unlike secular orbital effects (for example
precession of periastron), the Shapiro delay does not accumulate over time, so
the measurement uncertainty scales simply as T21/2, where T is the total
observing time. Therefore, we are unlikely to see a significant improvement on
these results with currently available telescopes and instrumentation.
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Demorest et al., Nature 467, 1081 (2010)

Mmax = 1.65M� � 1.97± 0.04M�

Calculation of neutron star properties require EOS up to high densities.

Strategy: 
Use observations to constrain the high-density part of the nuclear EOS.

High-density constraints from observations:

Fig. 1. Radial velocities and spectrum of the white dwarf companion
to PSR J0348+0432. (A) Radial velocities of the WD companion to PSR
J0348+0432 plotted against the orbital phase (shown twice for clarity). Over-
plotted is the best-fit orbit of the WD (blue line) and the mirror orbit of the
pulsar (green). Error bars indicate 1-s confidence intervals. (B) Details of the
fit to the Balmer lines (Hb to H12) in the average spectrumof theWD companion

to PSR J0348+0432 created by the coherent addition of 26 individual spectra
shifted to zero velocity. Lines from Hb (bottom) to H12 are shown. The red
solid lines are the best-fit atmospheric model (see text). Two models, one with
Teff = 9900 K and log10g = 5.70 and one with Teff = 10,200 K and log10 g =
6.30, each ∼ 3-s off from the best-fit central value (including systematics), are
shown for comparison (dashed blue lines).

Fig. 2. Mass measurement of the white dwarf companion to PSR
J0348+0432. (A) Constraints on Teff and g for the WD companion to PSR
J0348+0432 compared with theoretical WD models. The shaded areas depict
the c2 − c2min = 2.3, 6.2, and 11.8 intervals (equivalent to 1-, 2-, and 3-s) of
our fit to the average spectrum. Dashed lines show the detailed theoretical

cooling models of (11). Continuous lines depict tracks with thick envelopes for
masses up to ∼0.2M◉ that yield the most conservative constraints for the mass
of the WD. (B) Finite-temperature mass-radius relations for our models to-
gether with the constraints imposed from modeling of the spectrum. Low
mass–high temperature points are an extrapolation from lower temperatures.
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A Massive Pulsar in a 

Compact Relativistic Binary

John Antoniadis,* Paulo C. C. Freire, Norbert Wex, Thomas M. Tauris, Ryan S. Lynch, 
Marten H. van Kerkwijk, Michael Kramer, Cees Bassa, Vik S. Dhillon, Thomas Driebe, 
Jason W. T. Hessels, Victoria M. Kaspi, Vladislav I. Kondratiev, Norbert Langer, 
Thomas R. Marsh, Maura A. McLaughlin, Timothy T. Pennucci, Scott M. Ransom, 
Ingrid H. Stairs, Joeri van Leeuwen, Joris P. W. Verbiest, David G. Whelan

Introduction: Neutron stars with masses above 1.8 solar masses (M�), possess extreme gravitational 
fi elds, which may give rise to phenomena outside general relativity. Hitherto, these strong-fi eld devia-
tions have not been probed by experiment, because they become observable only in tight binaries 
containing a high-mass pulsar and where orbital decay resulting from emission of gravitational waves 
can be tested. Understanding the origin of such a system would also help to answer fundamental ques-
tions of close-binary evolution.

Methods: We report on radio-timing observations of the pulsar J0348+0432 and phase-resolved 
optical spectroscopy of its white-dwarf companion, which is in a 2.46-hour orbit. We used these to 
derive the component masses and orbital parameters, infer the system’s motion, and constrain its age.

Results: We fi nd that the white dwarf has a mass of 0.172 ± 0.003 M�, which, combined with orbital 
velocity measurements, yields a pulsar mass of 2.01 ± 0.04 M�. Additionally, over a span of 2 years, 
we observed a signifi cant decrease in the orbital period, P�b

obs = –8.6 ± 1.4 µs year�1 in our radio-
timing data.

Discussion: Pulsar J0348+0432 is only the second neutron star with a precisely determined mass 
of 2 M� and independently confi rms the existence of such massive neutron stars in nature. For these 

masses and orbital period, general relativity 
predicts a significant orbital decay, which 
matches the observed value, P�b

obs/ P�b
GR = 1.05 

± 0.18.
The pulsar has a gravitational binding 

energy 60% higher than other known neu-
tron stars in binaries where gravitational-
wave damping has been detected. Because 
the magnitude of strong-field deviations 
generally depends nonlinearly on the bind-
ing energy, the measurement of orbital 
decay transforms the system into a gravita-
tional laboratory for an as-yet untested grav-
ity regime. The consistency of the observed 
orbital decay with general relativity  therefore 
supports its validity, even for such extreme 
gravity-matter couplings, and rules out 
strong-fi eld phenomena predicted by physi-
cally well-motivated alternatives. Moreover, 
our result supports the use of general rela-
tivity–based templates for the detection of 
gravitational waves from merger events with 
advanced ground-based detectors.

Lastly, the system provides insight into 
pulsar-spin evolution after mass accretion. 
Because of its short merging time scale of 
400 megayears, the system is a direct chan-
nel for the formation of an ultracompact x-ray 
binary, possibly leading to a pulsar-planet 
system or the formation of a black hole.

Artist’s impression of the PSR J0348+0432 system. 
The compact pulsar (with beams of radio emission) produces 
a strong distortion of spacetime (illustrated by the green 
mesh). Conversely, spacetime around its white dwarf com-
panion (in light blue) is substantially less curved. According 
to relativistic theories of gravity, the binary system is subject 
to energy loss by gravitational waves.
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companionwith awell-determinedmass of 0.20M◉
(15) that appears to be hot (10), suggesting that its
envelope is thick. For this reason, we base the
WD mass estimate on cooling tracks with thick
hydrogen atmospheres for masses up to 0.2M◉,
which we constructed by using the MESA stellar
evolution code (8, 16). Initial models were built
for masses identical to the ones in (11), for which
previous comparisons have yielded good agree-
ment with observations (14), with the addition
of tracks with 0.175 and 0.185 M◉ for finer
coverage (Fig. 2). For masses up to 0.169M◉, our
models show excellent agreement with (11);
however, our 0.196 M◉ model is quite different,
because it has a thick envelope instead of a thin
one. Being closer to the constraints for the WD
companion to PSR J0348+0432, it yields a more
conservative mass constraint, MWD = 0.165 to
0.185 at 99.73% confidence (Fig. 3 and Table 1),
which we adopt. The corresponding radius is
RWD = 0.046 to 0.092 R◉ at 99.73% confidence.
Our models yield a cooling age of tcool ∼ 2 Gy.

Pulsar Mass
The derived WD mass and the observed mass
ratio q imply a NSmass in the range from 1.97 to
2.05M◉ at 68.27% or 1.90 to 2.18M◉ at 99.73%
confidence. Hence, PSR J0348+0432 is only the
second NS with a precisely determined mass
around 2M◉, after PSR J1614−2230 (2). It has a
3-s lower mass limit 0.05M◉ higher than the latter
and therefore provides a verification, using a dif-
ferent method, of the constraints on the EOS of
superdense matter present in NS interiors (2, 17).
For these masses and the known orbital period,
GR predicts that the orbital period should decrease

at the rate of P
:GR
b ¼ ð−2:58þ0:07

−0:11 Þ % 10−13 s s−1

(68.27%confidence) because of energy loss through
GW emission.

Radio Observations
Since April 2011, we have been observing PSR
J0348+0432 with the 1.4-GHz receiver of the
305-m radio telescope at the Arecibo Observatory
by using its four wide-band pulsar processors (18).
In order to verify the Arecibo data, we have been
independently timing PSR J0348+0432 at 1.4 GHz
by using the 100-m radio telescope in Effelsberg,
Germany. The two timing data sets produce con-
sistent rotational models, providing added con-
fidence in both. Combining the Arecibo and
Effelsberg data with the initial GBTobservations
(7), we derived the timing solution presented in
Table 1. To match the arrival times, the solution
requires a significant measurement of orbital de-
cay, P

:
b ¼ −2:73 % 10−13 T 0:45% 10−13 s s−1

(68.27% confidence).
The total proper motion and distance estimate

(Table 1) allowed us to calculate the kinematic
corrections to P

:
b from its motion in the Galaxy,

plus any contribution from possible variations of
G: dP

:
b ¼ 0:016% 10−13 T 0:003% 10−13 s s−1.

This is negligible compared to the measurement
uncertainty. Similarly, the small rate of rotational
energy loss of the pulsar (Table 1) excludes any
substantial contamination resulting frommass loss
from the system; furthermore, we can exclude
substantial contributions to P

:
b from tidal effects

[see (8) for details]. Therefore, the observedP
:
b is

caused by GW emission, and its magnitude is
entirely consistent with the one predicted by GR:
P
:
b=P

:GR
b ¼ 1:05 T 0:18 (Fig. 3).

If we assume that GR is the correct theory of
gravity, we can then derive the component masses
from the intersection of the regions allowed by
q and P

:
b (Fig. 3): MWD ¼ 0:177þ0:017

−0:018 M◉ and
MPSR ¼ 2:07þ0:20

−0:21 M◉ (68.27% confidence). These
values are not too constraining yet. However, the
uncertainty of the measurement of P

:
b decreases

with T baseline
−5/2 (where Tbaseline is the timing base-

line); therefore, this method will yield very precise
mass measurements within a couple of years.

Discussion

PSR J0348+0432 as a Testbed for Gravity
There are strong arguments for GR not to be valid
beyond a (yet unknown) critical point, like its
incompatibility with quantum theory and its pre-
diction of the formation of spacetime singularities.
Therefore, it remains an open question whether
GR is the final description of macroscopic gravity.
This strongly motivates testing gravity regimes
that have not been tested before, in particular
regimes where gravity is strong and highly non-
linear. Presently, binary pulsars provide the best
high-precision experiments to probe strong-field
deviations from GR and the best tests of the
radiative properties of gravity (19–23). The orbital
period of PSR J0348+0432 is only 15 s longer
than that of the double pulsar system PSR J0737–
3039, but it has ∼two times more fractional grav-
itational binding energy than each of the double-
pulsar NSs. This places it far outside the presently
tested binding energy range (Fig. 4A) (8). Be-
cause the magnitude of strong-field effects gener-
ally depends nonlinearly on the binding energy,
the measurement of orbital decay transforms the

Fig. 3. System masses and
orbital-inclination constraints.
Constraints on system masses and
orbital inclination from radio and
optical measurements of PSR
J0348+0432 and its WD compan-
ion. Each triplet of curves corre-
sponds to the most likely value
and standard deviations (68.27%
confidence) of the respective pa-
rameters. Of these, two (q and MWD)
are independent of specific gravity
theories (in black). The contours
contain the 68.27 and 95.45% of
the two-dimensional probability
distribution. The constraints from
the measured intrinsic orbital decay
(P
:
b
int, in orange) are calculated as-

suming that GR is the correct theory
of gravity. All curves intersect in
the same region, meaning that
GR passes this radiative test (8).
(Bottom left) cosi-MWD plane. The
gray region is excluded by the con-
dition MPSR > 0. (Bottom right)
MPSR-MWD plane. The gray region
is excluded by the condition sini ≤ 1. The lateral graphs depict the one-dimensional probability-distribution function for the WD mass (right), pulsar mass
(top right), and inclination (top left) based on the mass function, MWD, and q.
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Figure 3. Probability maps and posterior PDFs of the traditional Shapiro-delay parameters measured for PSRs J0613-0200, J1600-3053, and J1614-2230.
The maps and PDFs for J1600-3053 were constrained assuming that the observed !̇ is due to GR (see Section 5.3). The inner, middle and outer red contours
encapsulate 68.3%, 95.4% and 99.7% of the total probability defined on each two-dimensional map, respectively. In all slimmer panels, the blue solid lines
represent posterior PDFs obtained from marginalizing the appropriate two-dimensional map, the vertical red-dashed lines are bounds of the 68.3% credible
interval, and the red-solid line is the median value.

Updated mass determination of  J1614-2230 

M = 1.928± 0.017 M�

E. Fonseca et al. ,  Astrophys. J. 832 (2016) 167

white dwarf neutron star
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Fig. 9.— The upper panels give the probability distributions for the mass versus radius curves implied by
the data, and the solid (dotted) contour lines show the 2-σ (1-σ) contours implied by the data. The lower
panes summarize the 2-σ probability distributions for the 7 objects considered in the analysis. The left
panels show results under the assumption rph = R, and the right panes show results assuming rph ≫ R. The
dashed line in the upper left is the limit from causality. The dotted curve in the lower right of each panel
represents the mass-shedding limit for neutron stars rotating at 716 Hz.
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<latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit>

0.3
<latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit>

0.5
<latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit>

1.0
<latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit>

E [GeV · fm�3]
<latexit sha1_base64="HMNViuwo1GeGz1fskk7Hpp0m4Zk=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWBIVdFkU0WUF+4Aklslk0g6dZMLMRCghXbvxV9y4UMStP+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2FxaXlltbRWXt/Y3No2d3ZbkqcCkybmjIuOjyRhNCZNRRUjnUQQFPmMtP3B5dhvPxAhKY/v1DAhXoR6MQ0pRkpLXbOSuX4IMxcjBq/y0ci5Ji0XB1zBMLrPjk5yL++aVatmTQDniV2QKijQ6JpfbsBxGpFYYYakdGwrUV6GhKKYkbzsppIkCA9Qjziaxigi0ssmv+TwQCsBDLnQFSs4UX9PZCiSchj5ujNCqi9nvbH4n+ekKjz3MhonqSIxni4KUwYVh+NgYEAFwYoNNUFYUH0rxH0kEFY6vrIOwZ59eZ60jmu2VbNvT6v1iyKOEtgHFXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wdBaJqJ</latexit><latexit sha1_base64="HMNViuwo1GeGz1fskk7Hpp0m4Zk=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWBIVdFkU0WUF+4Aklslk0g6dZMLMRCghXbvxV9y4UMStP+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2FxaXlltbRWXt/Y3No2d3ZbkqcCkybmjIuOjyRhNCZNRRUjnUQQFPmMtP3B5dhvPxAhKY/v1DAhXoR6MQ0pRkpLXbOSuX4IMxcjBq/y0ci5Ji0XB1zBMLrPjk5yL++aVatmTQDniV2QKijQ6JpfbsBxGpFYYYakdGwrUV6GhKKYkbzsppIkCA9Qjziaxigi0ssmv+TwQCsBDLnQFSs4UX9PZCiSchj5ujNCqi9nvbH4n+ekKjz3MhonqSIxni4KUwYVh+NgYEAFwYoNNUFYUH0rxH0kEFY6vrIOwZ59eZ60jmu2VbNvT6v1iyKOEtgHFXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wdBaJqJ</latexit><latexit sha1_base64="HMNViuwo1GeGz1fskk7Hpp0m4Zk=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWBIVdFkU0WUF+4Aklslk0g6dZMLMRCghXbvxV9y4UMStP+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2FxaXlltbRWXt/Y3No2d3ZbkqcCkybmjIuOjyRhNCZNRRUjnUQQFPmMtP3B5dhvPxAhKY/v1DAhXoR6MQ0pRkpLXbOSuX4IMxcjBq/y0ci5Ji0XB1zBMLrPjk5yL++aVatmTQDniV2QKijQ6JpfbsBxGpFYYYakdGwrUV6GhKKYkbzsppIkCA9Qjziaxigi0ssmv+TwQCsBDLnQFSs4UX9PZCiSchj5ujNCqi9nvbH4n+ekKjz3MhonqSIxni4KUwYVh+NgYEAFwYoNNUFYUH0rxH0kEFY6vrIOwZ59eZ60jmu2VbNvT6v1iyKOEtgHFXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wdBaJqJ</latexit><latexit sha1_base64="HMNViuwo1GeGz1fskk7Hpp0m4Zk=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWBIVdFkU0WUF+4Aklslk0g6dZMLMRCghXbvxV9y4UMStP+DOv3HaZqGtBy4czrmXe+/xE0alsqxvY2FxaXlltbRWXt/Y3No2d3ZbkqcCkybmjIuOjyRhNCZNRRUjnUQQFPmMtP3B5dhvPxAhKY/v1DAhXoR6MQ0pRkpLXbOSuX4IMxcjBq/y0ci5Ji0XB1zBMLrPjk5yL++aVatmTQDniV2QKijQ6JpfbsBxGpFYYYakdGwrUV6GhKKYkbzsppIkCA9Qjziaxigi0ssmv+TwQCsBDLnQFSs4UX9PZCiSchj5ujNCqi9nvbH4n+ekKjz3MhonqSIxni4KUwYVh+NgYEAFwYoNNUFYUH0rxH0kEFY6vrIOwZ59eZ60jmu2VbNvT6v1iyKOEtgHFXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYti4Yxcwe+APj8wdBaJqJ</latexit>

0.1
<latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit>

1
<latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit>

10
<latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit><latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit><latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit><latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit>

100
<latexit sha1_base64="PDKot7XI7mccJIe0GfOAirZSIdk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOiXXSY9YPI+RjPBtUa7iO50CrxC9IDQo0B9Wv/jCmqWTKUkGM6fk4sUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDND56hM6cMURRrV8qiufp7IiPSmKkMXackdmyWvVz8z+ulNroOMq6S1DJFF4uiVCAbo/x7NOSaUSumjhCqubsV0THRhFqXUcWF4C+/vEraF3Uf1/37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w+i+Y+h</latexit><latexit sha1_base64="PDKot7XI7mccJIe0GfOAirZSIdk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOiXXSY9YPI+RjPBtUa7iO50CrxC9IDQo0B9Wv/jCmqWTKUkGM6fk4sUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDND56hM6cMURRrV8qiufp7IiPSmKkMXackdmyWvVz8z+ulNroOMq6S1DJFF4uiVCAbo/x7NOSaUSumjhCqubsV0THRhFqXUcWF4C+/vEraF3Uf1/37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w+i+Y+h</latexit><latexit sha1_base64="PDKot7XI7mccJIe0GfOAirZSIdk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOiXXSY9YPI+RjPBtUa7iO50CrxC9IDQo0B9Wv/jCmqWTKUkGM6fk4sUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDND56hM6cMURRrV8qiufp7IiPSmKkMXackdmyWvVz8z+ulNroOMq6S1DJFF4uiVCAbo/x7NOSaUSumjhCqubsV0THRhFqXUcWF4C+/vEraF3Uf1/37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w+i+Y+h</latexit><latexit sha1_base64="PDKot7XI7mccJIe0GfOAirZSIdk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Ie0S8mm2TY0yS5JVihLf4UXD4p49ed489+YbfegrQ8GHu/NMDMvTAQ3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64ST29zvPDFteKwe7DRhgSQjxSNOiXXSY9YPI+RjPBtUa7iO50CrxC9IDQo0B9Wv/jCmqWTKUkGM6fk4sUFGtOVUsFmlnxqWEDohI9ZzVBHJTJDND56hM6cMURRrV8qiufp7IiPSmKkMXackdmyWvVz8z+ulNroOMq6S1DJFF4uiVCAbo/x7NOSaUSumjhCqubsV0THRhFqXUcWF4C+/vEraF3Uf1/37y1rjpoijDCdwCufgwxU04A6a0AIKEp7hFd487b14797HorXkFTPH8Afe5w+i+Y+h</latexit>

1000
<latexit sha1_base64="nQup15gUu8u7GEz2Pq+4l5G9LtM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoMegF48RzAOTEGYnvcmQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcKGFVZiO9HIokBiKxjfzvzWE2ojYvVgJwn2IjZUIhScWSc9Zt0gJD6ldNovV2iVzkFWiZ+TCuSo98tf3UHM0wiV5ZIZ0/FpYnsZ01ZwidNSNzWYMD5mQ+w4qliEppfNL56SM6cMSBhrV8qSufp7ImORMZMocJ0RsyOz7M3E/7xOasPrXiZUklpUfLEoTCWxMZm9TwZCI7dy4gjjWrhbCR8xzbh1IZVcCP7yy6ukeVH1adW/v6zUbvI4inACp3AOPlxBDe6gDg3goOAZXuHNM96L9+59LFoLXj5zDH/gff4AEzyP2w==</latexit><latexit sha1_base64="nQup15gUu8u7GEz2Pq+4l5G9LtM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoMegF48RzAOTEGYnvcmQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcKGFVZiO9HIokBiKxjfzvzWE2ojYvVgJwn2IjZUIhScWSc9Zt0gJD6ldNovV2iVzkFWiZ+TCuSo98tf3UHM0wiV5ZIZ0/FpYnsZ01ZwidNSNzWYMD5mQ+w4qliEppfNL56SM6cMSBhrV8qSufp7ImORMZMocJ0RsyOz7M3E/7xOasPrXiZUklpUfLEoTCWxMZm9TwZCI7dy4gjjWrhbCR8xzbh1IZVcCP7yy6ukeVH1adW/v6zUbvI4inACp3AOPlxBDe6gDg3goOAZXuHNM96L9+59LFoLXj5zDH/gff4AEzyP2w==</latexit><latexit sha1_base64="nQup15gUu8u7GEz2Pq+4l5G9LtM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoMegF48RzAOTEGYnvcmQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcKGFVZiO9HIokBiKxjfzvzWE2ojYvVgJwn2IjZUIhScWSc9Zt0gJD6ldNovV2iVzkFWiZ+TCuSo98tf3UHM0wiV5ZIZ0/FpYnsZ01ZwidNSNzWYMD5mQ+w4qliEppfNL56SM6cMSBhrV8qSufp7ImORMZMocJ0RsyOz7M3E/7xOasPrXiZUklpUfLEoTCWxMZm9TwZCI7dy4gjjWrhbCR8xzbh1IZVcCP7yy6ukeVH1adW/v6zUbvI4inACp3AOPlxBDe6gDg3goOAZXuHNM96L9+59LFoLXj5zDH/gff4AEzyP2w==</latexit><latexit sha1_base64="nQup15gUu8u7GEz2Pq+4l5G9LtM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKcyKoMegF48RzAOTEGYnvcmQ2dllZlYIS/7CiwdFvPo33vwbJ8keNLGgoajqprsrSKQwltJvr7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcKGFVZiO9HIokBiKxjfzvzWE2ojYvVgJwn2IjZUIhScWSc9Zt0gJD6ldNovV2iVzkFWiZ+TCuSo98tf3UHM0wiV5ZIZ0/FpYnsZ01ZwidNSNzWYMD5mQ+w4qliEppfNL56SM6cMSBhrV8qSufp7ImORMZMocJ0RsyOz7M3E/7xOasPrXiZUklpUfLEoTCWxMZm9TwZCI7dy4gjjWrhbCR8xzbh1IZVcCP7yy6ukeVH1adW/v6zUbvI4inACp3AOPlxBDe6gDg3goOAZXuHNM96L9+59LFoLXj5zDH/gff4AEzyP2w==</latexit>

0.15
<latexit sha1_base64="4SCOw3van59jNqQSB71nQYsSUcA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz0mPWCkLhVrzbtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3icDrpAZMbGEMsXtrYSNqKLM2JBKNgRv+eVV0rqoejaz+8tK/SaPowgncArn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6K14OQzx/AHzucPF8WP3g==</latexit><latexit sha1_base64="4SCOw3van59jNqQSB71nQYsSUcA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz0mPWCkLhVrzbtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3icDrpAZMbGEMsXtrYSNqKLM2JBKNgRv+eVV0rqoejaz+8tK/SaPowgncArn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6K14OQzx/AHzucPF8WP3g==</latexit><latexit sha1_base64="4SCOw3van59jNqQSB71nQYsSUcA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz0mPWCkLhVrzbtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3icDrpAZMbGEMsXtrYSNqKLM2JBKNgRv+eVV0rqoejaz+8tK/SaPowgncArn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6K14OQzx/AHzucPF8WP3g==</latexit><latexit sha1_base64="4SCOw3van59jNqQSB71nQYsSUcA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Ae2oWy2k3bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqz0mPWCkLhVrzbtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+ekjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3icDrpAZMbGEMsXtrYSNqKLM2JBKNgRv+eVV0rqoejaz+8tK/SaPowgncArn4MEV1OEOGtAEBhKe4RXeHO28OO/Ox6K14OQzx/AHzucPF8WP3g==</latexit>

0.7
<latexit sha1_base64="xoTzAhmajVOI+FmdPBl7EiBfdfs=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi1GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSuvQD7Af3V9X6TRFHCU7hDC4ggBrU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+pCY+l</latexit><latexit sha1_base64="xoTzAhmajVOI+FmdPBl7EiBfdfs=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi1GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSuvQD7Af3V9X6TRFHCU7hDC4ggBrU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+pCY+l</latexit><latexit sha1_base64="xoTzAhmajVOI+FmdPBl7EiBfdfs=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi1GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSuvQD7Af3V9X6TRFHCU7hDC4ggBrU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+pCY+l</latexit><latexit sha1_base64="xoTzAhmajVOI+FmdPBl7EiBfdfs=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi1GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSuvQD7Af3V9X6TRFHCU7hDC4ggBrU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+pCY+l</latexit>

1.5
<latexit sha1_base64="jaCVlFmBRFqsaabH0EV6IZBKCP0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLK6tr6RnmzsrW9s7tX3T9omSTTlDVpIhLdjohhgivWtNwK1k41IzIS7CEa3Uz9hyemDU/UvR2nLJRkoHjMKbFOesy7UYywfzHpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58HPj47rxWvy7iKMMRHMMpYLiEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4aPpA==</latexit><latexit sha1_base64="jaCVlFmBRFqsaabH0EV6IZBKCP0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLK6tr6RnmzsrW9s7tX3T9omSTTlDVpIhLdjohhgivWtNwK1k41IzIS7CEa3Uz9hyemDU/UvR2nLJRkoHjMKbFOesy7UYywfzHpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58HPj47rxWvy7iKMMRHMMpYLiEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4aPpA==</latexit><latexit sha1_base64="jaCVlFmBRFqsaabH0EV6IZBKCP0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLK6tr6RnmzsrW9s7tX3T9omSTTlDVpIhLdjohhgivWtNwK1k41IzIS7CEa3Uz9hyemDU/UvR2nLJRkoHjMKbFOesy7UYywfzHpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58HPj47rxWvy7iKMMRHMMpYLiEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4aPpA==</latexit><latexit sha1_base64="jaCVlFmBRFqsaabH0EV6IZBKCP0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLK6tr6RnmzsrW9s7tX3T9omSTTlDVpIhLdjohhgivWtNwK1k41IzIS7CEa3Uz9hyemDU/UvR2nLJRkoHjMKbFOesy7UYywfzHpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58HPj47rxWvy7iKMMRHMMpYLiEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4aPpA==</latexit>

In[2223]:=
Plot@dP@ED, 8E, 0.1, 1.5<D
Show@%, Frame Ø True, FrameLabel Ø 8"energy density @GeVêfm^3D", "sound velocity cs^2"< D

Out[2223]=
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0.2
<latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit>

0.2
<latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit>

0.1
<latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit>

0.2
<latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit><latexit sha1_base64="gxXAwPz29RG6GtB3mi4Z5k1B51E=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrJF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jMouhGD55VXSqvkB9oP7y2r9poijBKdwBhcQwBXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+hcI+g</latexit>

0.3
<latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit><latexit sha1_base64="UTfiJEV01wS9TrCldZC8keErrw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05JVQY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsn0961Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd1GrXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBovWPoQ==</latexit>

0.4
<latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit>

0.5
<latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit><latexit sha1_base64="1LHUHuVpQHYh/nZDSTqvIBz44As=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVRY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBpf+Pow==</latexit>

0.0
<latexit sha1_base64="SZZjC3HftaJkvZSXz7qbkcx35GQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9pS8mm2TY0yS7JrFCW/govHhTx6s/x5r8xbfegrQ9CHu/NMDMvTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGr/rRfrrhvDrJKgpxUIEe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o6jmipue9l84Sk5c8qARLFxTyOZq787MqqsnajQVSqKI7vszcT/vE6K0XUvEzpJkWu2GBSlkmBMZteTgTCcoZw4QpkRblfCRtRQhi6jkgshWD55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L0oKX9xzDH3ifP55mj54=</latexit><latexit sha1_base64="SZZjC3HftaJkvZSXz7qbkcx35GQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9pS8mm2TY0yS7JrFCW/govHhTx6s/x5r8xbfegrQ9CHu/NMDMvTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGr/rRfrrhvDrJKgpxUIEe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o6jmipue9l84Sk5c8qARLFxTyOZq787MqqsnajQVSqKI7vszcT/vE6K0XUvEzpJkWu2GBSlkmBMZteTgTCcoZw4QpkRblfCRtRQhi6jkgshWD55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L0oKX9xzDH3ifP55mj54=</latexit><latexit sha1_base64="SZZjC3HftaJkvZSXz7qbkcx35GQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9pS8mm2TY0yS7JrFCW/govHhTx6s/x5r8xbfegrQ9CHu/NMDMvTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGr/rRfrrhvDrJKgpxUIEe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o6jmipue9l84Sk5c8qARLFxTyOZq787MqqsnajQVSqKI7vszcT/vE6K0XUvEzpJkWu2GBSlkmBMZteTgTCcoZw4QpkRblfCRtRQhi6jkgshWD55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L0oKX9xzDH3ifP55mj54=</latexit><latexit sha1_base64="SZZjC3HftaJkvZSXz7qbkcx35GQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9pS8mm2TY0yS7JrFCW/govHhTx6s/x5r8xbfegrQ9CHu/NMDMvTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGr/rRfrrhvDrJKgpxUIEe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o6jmipue9l84Sk5c8qARLFxTyOZq787MqqsnajQVSqKI7vszcT/vE6K0XUvEzpJkWu2GBSlkmBMZteTgTCcoZw4QpkRblfCRtRQhi6jkgshWD55lTQvqoFfDe4vK7WbPI4inMApnEMAV1CDO6hDAxgoeIZXePOM9+K9ex+L0oKX9xzDH3ifP55mj54=</latexit>

0.4
<latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit>

0.4
<latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit><latexit sha1_base64="alUBVY4Q1if/I8BHO4fp2kmZawI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxQj7l9N+tYZ9PAdaJUFBalCg0a9+9QYJzSRTlgpiTDfAqQ1zoi2ngk0rvcywlNAxGbKuo4pIZsJ8fvAUnTllgOJEu1IWzdXfEzmRxkxk5DolsSOz7M3E/7xuZuPrMOcqzSxTdLEozgSyCZp9jwZcM2rFxBFCNXe3IjoimlDrMqq4EILll1dJ68IPsB/cX9bqN0UcZTiBUziHAK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApHqPog==</latexit>

0.6
<latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit>

0.6
<latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit><latexit sha1_base64="zsgEn+8rG5bzZllDE4EY/izPPA0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVUY9FLx4r2Fppl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7Syura+Ud6sbG3v7O5V9w9aJsk0ZU2aiES3I2KY4Io1LbeCtVPNiIwEe4hGN1P/4YlpwxN1b8cpCyUZKB5zSqyTHvNuFCPsX0x61Rr28QxomQQFqUGBRq/61e0nNJNMWSqIMZ0ApzbMibacCjapdDPDUkJHZMA6jioimQnz2cETdOKUPooT7UpZNFN/T+REGjOWkeuUxA7NojcV//M6mY2vwpyrNLNM0fmiOBPIJmj6PepzzagVY0cI1dzdiuiQaEKty6jiQggWX14mrTM/wH5wd16rXxdxlOEIjuEUAriEOtxCA5pAQcIzvMKbp70X7937mLeWvGLmEP7A+/wBp4SPpA==</latexit>

0.8
<latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit>

0.8
<latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit><latexit sha1_base64="VpqkIBDobkkORbF3NthplgFYOFY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WrIi2GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNxfjbW1vf2NzaLu2Ud/f2Dw4rR8ctk2SasiZNRKI7ETFMcMWallvBOqlmREaCtaPx7cxvPzFteKIe7CRloSRDxWNOiXXSY96LYoT92rRfqWIfz4FWSVCQKhRo9CtfvUFCM8mUpYIY0w1wasOcaMupYNNyLzMsJXRMhqzrqCKSmTCfHzxF504ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2bgW5lylmWWKLhbFmUA2QbPv0YBrRq2YOEKo5u5WREdEE2pdRmUXQrD88ippXfoB9oP7q2r9poijBKdwBhcQwDXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+qjo+m</latexit>

1.0
<latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit>

1.0
<latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit><latexit sha1_base64="N4d7svULGyOrrko2H7TDKI3+KkQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB05IVQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD49aJsk0ZU2aiER3ImKY4Io1LbeCdVLNiIwEa0fj25nffmLa8EQ92EnKQkmGisecEuukx7wXxSjw8bRfrWEfz4FWSVCQGhRo9KtfvUFCM8mUpYIY0w1wasOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHzxFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fg6zLlKM8sUXSyKM4FsgmbfowHXjFoxcYRQzd2tiI6IJtS6jCouhGD55VXSuvAD7Af3l7X6TRFHGU7gFM4hgCuowx00oAkUJDzDK7x52nvx3r2PRWvJK2aO4Q+8zx+f7Y+f</latexit>

1.2
<latexit sha1_base64="WZKZ59l/pv2+hHnse47SuCDGM70=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WjZF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNDYJvb219Y3Nru7RT3t3bPzisHB23TJJpypo0EYnuRMQwwRVrWm4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJj3kvihH2a9N+pRr4wRxoleCCVKFAo1/56g0SmkmmLBXEmC4OUhvmRFtOBZuWe5lhKaFjMmRdRxWRzIT5/OApOnfKAMWJdqUsmqu/J3IijZnIyHVKYkdm2ZuJ/3ndzMbXYc5Vmlmm6GJRnAlkEzT7Hg24ZtSKiSOEau5uRXRENKHWZVR2IeDll1dJq+bjwMf3l9X6TRFHCU7hDC4AwxXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+i94+h</latexit><latexit sha1_base64="WZKZ59l/pv2+hHnse47SuCDGM70=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WjZF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNDYJvb219Y3Nru7RT3t3bPzisHB23TJJpypo0EYnuRMQwwRVrWm4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJj3kvihH2a9N+pRr4wRxoleCCVKFAo1/56g0SmkmmLBXEmC4OUhvmRFtOBZuWe5lhKaFjMmRdRxWRzIT5/OApOnfKAMWJdqUsmqu/J3IijZnIyHVKYkdm2ZuJ/3ndzMbXYc5Vmlmm6GJRnAlkEzT7Hg24ZtSKiSOEau5uRXRENKHWZVR2IeDll1dJq+bjwMf3l9X6TRFHCU7hDC4AwxXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+i94+h</latexit><latexit sha1_base64="WZKZ59l/pv2+hHnse47SuCDGM70=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WjZF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNDYJvb219Y3Nru7RT3t3bPzisHB23TJJpypo0EYnuRMQwwRVrWm4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJj3kvihH2a9N+pRr4wRxoleCCVKFAo1/56g0SmkmmLBXEmC4OUhvmRFtOBZuWe5lhKaFjMmRdRxWRzIT5/OApOnfKAMWJdqUsmqu/J3IijZnIyHVKYkdm2ZuJ/3ndzMbXYc5Vmlmm6GJRnAlkEzT7Hg24ZtSKiSOEau5uRXRENKHWZVR2IeDll1dJq+bjwMf3l9X6TRFHCU7hDC4AwxXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+i94+h</latexit><latexit sha1_base64="WZKZ59l/pv2+hHnse47SuCDGM70=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4WjZF0GPRi8cK9kPapWTTbBuaZJckK5Slv8KLB0W8+nO8+W9M2z1o64OBx3szzMyLUsGNDYJvb219Y3Nru7RT3t3bPzisHB23TJJpypo0EYnuRMQwwRVrWm4F66SaERkJ1o7GtzO//cS04Yl6sJOUhZIMFY85JdZJj3kvihH2a9N+pRr4wRxoleCCVKFAo1/56g0SmkmmLBXEmC4OUhvmRFtOBZuWe5lhKaFjMmRdRxWRzIT5/OApOnfKAMWJdqUsmqu/J3IijZnIyHVKYkdm2ZuJ/3ndzMbXYc5Vmlmm6GJRnAlkEzT7Hg24ZtSKiSOEau5uRXRENKHWZVR2IeDll1dJq+bjwMf3l9X6TRFHCU7hDC4AwxXU4Q4a0AQKEp7hFd487b14797HonXNK2ZO4A+8zx+i94+h</latexit>

1.4
<latexit sha1_base64="AX1LUjf5m1bfWbEJ+7WSa5qevQk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0771VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxtfhzlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVb4o4ynACp3AOGK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApgGPow==</latexit><latexit sha1_base64="AX1LUjf5m1bfWbEJ+7WSa5qevQk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0771VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxtfhzlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVb4o4ynACp3AOGK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApgGPow==</latexit><latexit sha1_base64="AX1LUjf5m1bfWbEJ+7WSa5qevQk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0771VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxtfhzlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVb4o4ynACp3AOGK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApgGPow==</latexit><latexit sha1_base64="AX1LUjf5m1bfWbEJ+7WSa5qevQk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRQY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvSgU3Ngi+vdLa+sbmVnm7srO7t39QPTxqmSTTlDVpIhLdiYhhgivWtNwK1kk1IzISrB2Nb2d++4lpwxP1YCcpCyUZKh5zSqyTHvNeFCPsX0771VrgB3OgVYILUoMCjX71qzdIaCaZslQQY7o4SG2YE205FWxa6WWGpYSOyZB1HVVEMhPm84On6MwpAxQn2pWyaK7+nsiJNGYiI9cpiR2ZZW8m/ud1MxtfhzlXaWaZootFcSaQTdDsezTgmlErJo4Qqrm7FdER0YRal1HFhYCXX14lrQsfBz6+v6zVb4o4ynACp3AOGK6gDnfQgCZQkPAMr/Dmae/Fe/c+Fq0lr5g5hj/wPn8ApgGPow==</latexit>

c2s =
@P

@E
<latexit sha1_base64="2kdNc7eFqNmMNl3uGnR7AB7xEB4=">AAACGHicbVDLSgMxFM34rPU16tJNsAiu6kwRdCMURXBZwT6gM5ZMmmlDM8mQZIQyzGe48VfcuFDEbXf+jZl2BG29EDg5556b3BPEjCrtOF/W0vLK6tp6aaO8ubW9s2vv7beUSCQmTSyYkJ0AKcIoJ01NNSOdWBIUBYy0g9F1rrcfiVRU8Hs9jokfoQGnIcVIG6pnn6ZeEELcUw81eAlTL0ZSU8RgwxPG9nNNPWy4myzLenbFqTrTgovALUAFFNXo2ROvL3ASEa4xQ0p1XSfWfprPxYxkZS9RJEZ4hAakayBHEVF+Ol0sg8eG6cNQSHO4hlP2tyNFkVLjKDCdEdJDNa/l5H9aN9HhhZ9SHieacDx7KEwY1ALmKcE+lQRrNjYAYUnNXyEeIomwNlmWTQju/MqLoFWruk7VvTur1K+KOErgEByBE+CCc1AHt6ABmgCDJ/AC3sC79Wy9Wh/W56x1ySo8B+BPWZNvVP6f+g==</latexit><latexit sha1_base64="2kdNc7eFqNmMNl3uGnR7AB7xEB4=">AAACGHicbVDLSgMxFM34rPU16tJNsAiu6kwRdCMURXBZwT6gM5ZMmmlDM8mQZIQyzGe48VfcuFDEbXf+jZl2BG29EDg5556b3BPEjCrtOF/W0vLK6tp6aaO8ubW9s2vv7beUSCQmTSyYkJ0AKcIoJ01NNSOdWBIUBYy0g9F1rrcfiVRU8Hs9jokfoQGnIcVIG6pnn6ZeEELcUw81eAlTL0ZSU8RgwxPG9nNNPWy4myzLenbFqTrTgovALUAFFNXo2ROvL3ASEa4xQ0p1XSfWfprPxYxkZS9RJEZ4hAakayBHEVF+Ol0sg8eG6cNQSHO4hlP2tyNFkVLjKDCdEdJDNa/l5H9aN9HhhZ9SHieacDx7KEwY1ALmKcE+lQRrNjYAYUnNXyEeIomwNlmWTQju/MqLoFWruk7VvTur1K+KOErgEByBE+CCc1AHt6ABmgCDJ/AC3sC79Wy9Wh/W56x1ySo8B+BPWZNvVP6f+g==</latexit><latexit sha1_base64="2kdNc7eFqNmMNl3uGnR7AB7xEB4=">AAACGHicbVDLSgMxFM34rPU16tJNsAiu6kwRdCMURXBZwT6gM5ZMmmlDM8mQZIQyzGe48VfcuFDEbXf+jZl2BG29EDg5556b3BPEjCrtOF/W0vLK6tp6aaO8ubW9s2vv7beUSCQmTSyYkJ0AKcIoJ01NNSOdWBIUBYy0g9F1rrcfiVRU8Hs9jokfoQGnIcVIG6pnn6ZeEELcUw81eAlTL0ZSU8RgwxPG9nNNPWy4myzLenbFqTrTgovALUAFFNXo2ROvL3ASEa4xQ0p1XSfWfprPxYxkZS9RJEZ4hAakayBHEVF+Ol0sg8eG6cNQSHO4hlP2tyNFkVLjKDCdEdJDNa/l5H9aN9HhhZ9SHieacDx7KEwY1ALmKcE+lQRrNjYAYUnNXyEeIomwNlmWTQju/MqLoFWruk7VvTur1K+KOErgEByBE+CCc1AHt6ABmgCDJ/AC3sC79Wy9Wh/W56x1ySo8B+BPWZNvVP6f+g==</latexit><latexit sha1_base64="2kdNc7eFqNmMNl3uGnR7AB7xEB4=">AAACGHicbVDLSgMxFM34rPU16tJNsAiu6kwRdCMURXBZwT6gM5ZMmmlDM8mQZIQyzGe48VfcuFDEbXf+jZl2BG29EDg5556b3BPEjCrtOF/W0vLK6tp6aaO8ubW9s2vv7beUSCQmTSyYkJ0AKcIoJ01NNSOdWBIUBYy0g9F1rrcfiVRU8Hs9jokfoQGnIcVIG6pnn6ZeEELcUw81eAlTL0ZSU8RgwxPG9nNNPWy4myzLenbFqTrTgovALUAFFNXo2ROvL3ASEa4xQ0p1XSfWfprPxYxkZS9RJEZ4hAakayBHEVF+Ol0sg8eG6cNQSHO4hlP2tyNFkVLjKDCdEdJDNa/l5H9aN9HhhZ9SHieacDx7KEwY1ALmKcE+lQRrNjYAYUnNXyEeIomwNlmWTQju/MqLoFWruk7VvTur1K+KOErgEByBE+CCc1AHt6ABmgCDJ/AC3sC79Wy9Wh/W56x1ySo8B+BPWZNvVP6f+g==</latexit>

E [GeV · fm�3]
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FIG. 2: The ⇤ values for stars with M = 1.4M� as functions
of the corresponding radius. The color coding follows Fig. 1,
while the orange line ⇤ = 2.88 ⇥ 10�6(R/km)7.5 has been
included just to guide the eye.

with M = 1.4M�. To a rather good accuracy, all tidal
deformabilities are observed to follow the empirical func-
tion ⇤(R) = 2.88⇥ 10�6(R/km)7.5, shown as the orange
dashed line in this figure.

Due to the correlation between R and ⇤, the
LIGO/Virgo measurement leads to a strong constraint on
the possible radii of NSs: the 90% limit of ⇤(1.4M�) <
800 [10] directly translates into an upper limit of
R(1.4M�) < 13.6 km. Should this bound be tightened to
⇤(1.4M�) < 400 in the future (as roughly suggested by
the 50% contours of Fig. 5 of [10]), the constraint would
further tighten to R(1.4M�) < 12.5 km.

We note that this maximal-radius constraint is unaf-
fected by the proposed limit of M

max

< 2.16M� [25–27],
stemming from the resulting kilonova observations asso-
ciated with the GW170817 event [10, 28–35]. This is
because, for a given radius, there are many EoSs whose
maximal mass is smaller than that of the EoS with the
highest maximal mass.

While the LIGO/Virgo limit on ⇤ favors soft EoSs,
the 2M� constraint favors hard EoSs, thus setting a re-
strictive bound for the quantity. For those EoSs that do
support a 2M� star, the tidal deformabilities are found to
take values in the range ⇤(1.4M�) 2 [120, 1504], imply-
ing that values smaller than 120 can be firmly ruled out.
A further investigation shows that the minimal allowed
values of ⇤ depend strongly on the low-density EoS: those
interpolated EoSs that are built with a soft hadronic com-
ponent correspond to ⇤ 2 [120, 1353], while those with
a hard low-density part correspond to ⇤ 2 [161, 1504].
Similarly, the 2M� constraint is seen to lead to a strin-
gent limit for the radius of a 1.4M� star (see Fig. 1),
R(1.4M�) > 9.9 km. We further note that this bound
is una↵ected by the conclusions of [13], which constrain
the minimum radius of a NS given the existence of the
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FIG. 3: Our ensemble of EoSs shown in the form of ✏ vs. p.
The color coding follows that of the previous figures, with the
addition of a blue region indicating the nuclear EoSs and an
orange region indicating the pQCD EoS. The black dashed
lines indicate where the upper and lower edges become trun-
cated with a further restriction of M

max

< 2.16M� (see [25–
27]). Inset: the same function constructed with tritropic in-
terpolating functions only.

kilonova associated with GW170817.

B. Constraints on the Equation of State

In addition to the macroscopic observables discussed
above, we also study the e↵ects of the astrophysical con-
straints on the EoS itself. This is done in Fig. 3, where we
display our family of EoSs in the energy density vs. pres-
sure plane. Here, we see how the 2M� constraint ex-
cludes EoSs that are soft at low densities, while the ⇤
constraint excludes EoSs that are more sti↵ at low densi-
ties. This is of course natural, considering that the latter
EoSs are the ones that produce stars with large radii
and thereby also large ⇤. Also in this figure, we dis-
play black dashed lines to indicate where the upper and
lower edges become truncated with a further restriction
of M

max

< 2.16M�, a bound proposed in [25–27] stem-
ming from the resulting kilonova observations associated
with GW170817.

The EoS bounds can be quantified by inspecting the
e↵ects of the astrophysical observations on the EoS pa-
rameters. The parameter that is physically the most
meaningful is clearly �

1

, whose allowed values we show
for the tritropic and quadrutropic EoSs in Table I. Re-
stricting ourselves here to those EoSs where the first
polytropic interval extends to a density n � 1.5ns, so
that it is of non-negligible size, the range of �

1

becomes
0.05 < �

1

< 8.5. Imposing the 2M� condition further
leads to the lower limit increasing to �

1

> 0.6, while the
constraint ⇤(1.4M�) < 800 reduces the upper limit to

0.1
<latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit><latexit sha1_base64="38m5nt93XjWcaKriAqCTnsYevgk=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzEOSEGYns8mQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrTKSw6PvfXmFtfWNzq7hd2tnd2z8oHx41bZwaxhsslrFph9RyKTRvoEDJ24nhVIWSt8Lx7cxvPXFjRawfcJLwnqJDLSLBKDrpMeuGEfGrwbRfrvhVfw6ySoKcVCBHvV/+6g5iliqukUlqbSfwE+xl1KBgkk9L3dTyhLIxHfKOo5oqbnvZ/OApOXPKgESxcaWRzNXfExlV1k5U6DoVxZFd9mbif14nxei6lwmdpMg1WyyKUkkwJrPvyUAYzlBOHKHMCHcrYSNqKEOXUcmFECy/vEqaF9XARXZ/Wand5HEU4QRO4RwCuIIa3EEdGsBAwTO8wptnvBfv3ftYtBa8fOYY/sD7/AGf64+f</latexit>

1
<latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit><latexit sha1_base64="CDJVxzrUqGie3UEoJUfKtr+q9jU=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9f1vb219Y3Nru7RT3t3bPzisHB23TJJpjk2eyER3QmZQCoVNK6zETqqRxaHEdji+m/ntJ9RGJOrRTlIMYjZUIhKcWSe1814YETrtV6p+zZ+DrBJakCoUaPQrX71BwrMYleWSGdOlfmqDnGkruMRpuZcZTBkfsyF2HVUsRhPk83On5NwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noJsiFSjOLii8WRZkkNiGz38lAaORWThxhXAt3K+Ejphm3LqGyC4Euv7xKWpc16tfow1W1flvEUYJTOIMLoHANdbiHBjSBwxie4RXevNR78d69j0XrmlfMnMAfeJ8/wxiPLQ==</latexit>

10
<latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit><latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit><latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit><latexit sha1_base64="tocPjZ3Of6Cx/MFmQC0yBvipP6A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7cxvP3FtRKIecJLyIKZDJSLBKFqpk/fCiHjutF+tuXV3DrJKvILUoECzX/3qDRKWxVwhk9SYruemGORUo2CSTyu9zPCUsjEd8q6lisbcBPn83ik5s8qARIm2pZDM1d8TOY2NmcSh7YwpjsyyNxP/87oZRtdBLlSaIVdssSjKJMGEzJ4nA6E5QzmxhDIt7K2EjaimDG1EFRuCt/zyKmld1D237t1f1ho3RRxlOIFTOAcPrqABd9AEHxhIeIZXeHMenRfn3flYtJacYuYY/sD5/AEy949n</latexit>

10�3
<latexit sha1_base64="y3BMDMJbjkg+9PhDGXaJwXpFQlg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBiyWrgh6LXjxWsB/QriWbZtvQbHZNsoWy7O/w4kERr/4Yb/4b03YP2vpg4PHeDDPz/FhwbTD+dgorq2vrG8XN0tb2zu5eef+gqaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dDv1W2OmNI/kg5nEzAvJQPKAU2Ks5KVdP0AufkzPLrKsV67gKp4BLRM3JxXIUe+Vv7r9iCYhk4YKonXHxbHxUqIMp4JlpW6iWUzoiAxYx1JJQqa9dHZ0hk6s0kdBpGxJg2bq74mUhFpPQt92hsQM9aI3Ff/zOokJrr2UyzgxTNL5oiARyERomgDqc8WoERNLCFXc3orokChCjc2pZENwF19eJs3zqour7v1lpXaTx1GEIziGU3DhCmpwB3VoAIUneIZXeHPGzovz7nzMWwtOPnMIf+B8/gCTlpFP</latexit><latexit sha1_base64="y3BMDMJbjkg+9PhDGXaJwXpFQlg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBiyWrgh6LXjxWsB/QriWbZtvQbHZNsoWy7O/w4kERr/4Yb/4b03YP2vpg4PHeDDPz/FhwbTD+dgorq2vrG8XN0tb2zu5eef+gqaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dDv1W2OmNI/kg5nEzAvJQPKAU2Ks5KVdP0AufkzPLrKsV67gKp4BLRM3JxXIUe+Vv7r9iCYhk4YKonXHxbHxUqIMp4JlpW6iWUzoiAxYx1JJQqa9dHZ0hk6s0kdBpGxJg2bq74mUhFpPQt92hsQM9aI3Ff/zOokJrr2UyzgxTNL5oiARyERomgDqc8WoERNLCFXc3orokChCjc2pZENwF19eJs3zqour7v1lpXaTx1GEIziGU3DhCmpwB3VoAIUneIZXeHPGzovz7nzMWwtOPnMIf+B8/gCTlpFP</latexit><latexit sha1_base64="y3BMDMJbjkg+9PhDGXaJwXpFQlg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBiyWrgh6LXjxWsB/QriWbZtvQbHZNsoWy7O/w4kERr/4Yb/4b03YP2vpg4PHeDDPz/FhwbTD+dgorq2vrG8XN0tb2zu5eef+gqaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dDv1W2OmNI/kg5nEzAvJQPKAU2Ks5KVdP0AufkzPLrKsV67gKp4BLRM3JxXIUe+Vv7r9iCYhk4YKonXHxbHxUqIMp4JlpW6iWUzoiAxYx1JJQqa9dHZ0hk6s0kdBpGxJg2bq74mUhFpPQt92hsQM9aI3Ff/zOokJrr2UyzgxTNL5oiARyERomgDqc8WoERNLCFXc3orokChCjc2pZENwF19eJs3zqour7v1lpXaTx1GEIziGU3DhCmpwB3VoAIUneIZXeHPGzovz7nzMWwtOPnMIf+B8/gCTlpFP</latexit><latexit sha1_base64="y3BMDMJbjkg+9PhDGXaJwXpFQlg=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBiyWrgh6LXjxWsB/QriWbZtvQbHZNsoWy7O/w4kERr/4Yb/4b03YP2vpg4PHeDDPz/FhwbTD+dgorq2vrG8XN0tb2zu5eef+gqaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dDv1W2OmNI/kg5nEzAvJQPKAU2Ks5KVdP0AufkzPLrKsV67gKp4BLRM3JxXIUe+Vv7r9iCYhk4YKonXHxbHxUqIMp4JlpW6iWUzoiAxYx1JJQqa9dHZ0hk6s0kdBpGxJg2bq74mUhFpPQt92hsQM9aI3Ff/zOokJrr2UyzgxTNL5oiARyERomgDqc8WoERNLCFXc3orokChCjc2pZENwF19eJs3zqour7v1lpXaTx1GEIziGU3DhCmpwB3VoAIUneIZXeHPGzovz7nzMWwtOPnMIf+B8/gCTlpFP</latexit>

10�2
<latexit sha1_base64="1Idpao33w5WfKcoXYum5LyF3ZT4=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CPZY8OKxgv2Adi3ZNNuGJtk1yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9u535lSpVkkH8wspr7AI8lCRrCxkp/2gxB57mN6VcuyQbniVt0F0DrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMJpVuonmsaYTPCI9iyVWFDtp4ujM3RhlSEKI2VLGrRQf0+kWGg9E4HtFNiM9ao3F//zeokJ637KZJwYKslyUZhwZCI0TwANmaLE8JklmChmb0VkjBUmxuZUsiF4qy+vk3at6rlV7/660qjncRThDM7hEjy4gQbcQRNaQOAJnuEV3pyp8+K8Ox/L1oKTz5zCHzifP48OkUQ=</latexit><latexit sha1_base64="1Idpao33w5WfKcoXYum5LyF3ZT4=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CPZY8OKxgv2Adi3ZNNuGJtk1yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9u535lSpVkkH8wspr7AI8lCRrCxkp/2gxB57mN6VcuyQbniVt0F0DrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMJpVuonmsaYTPCI9iyVWFDtp4ujM3RhlSEKI2VLGrRQf0+kWGg9E4HtFNiM9ao3F//zeokJ637KZJwYKslyUZhwZCI0TwANmaLE8JklmChmb0VkjBUmxuZUsiF4qy+vk3at6rlV7/660qjncRThDM7hEjy4gQbcQRNaQOAJnuEV3pyp8+K8Ox/L1oKTz5zCHzifP48OkUQ=</latexit><latexit sha1_base64="1Idpao33w5WfKcoXYum5LyF3ZT4=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CPZY8OKxgv2Adi3ZNNuGJtk1yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9u535lSpVkkH8wspr7AI8lCRrCxkp/2gxB57mN6VcuyQbniVt0F0DrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMJpVuonmsaYTPCI9iyVWFDtp4ujM3RhlSEKI2VLGrRQf0+kWGg9E4HtFNiM9ao3F//zeokJ637KZJwYKslyUZhwZCI0TwANmaLE8JklmChmb0VkjBUmxuZUsiF4qy+vk3at6rlV7/660qjncRThDM7hEjy4gQbcQRNaQOAJnuEV3pyp8+K8Ox/L1oKTz5zCHzifP48OkUQ=</latexit><latexit sha1_base64="1Idpao33w5WfKcoXYum5LyF3ZT4=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CPZY8OKxgv2Adi3ZNNuGJtk1yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9P2jpKFKEtEvFIdQOsKWeStgwznHZjRbEIOO0Ek9u535lSpVkkH8wspr7AI8lCRrCxkp/2gxB57mN6VcuyQbniVt0F0DrxclKBHM1B+as/jEgiqDSEY617nhsbP8XKMMJpVuonmsaYTPCI9iyVWFDtp4ujM3RhlSEKI2VLGrRQf0+kWGg9E4HtFNiM9ao3F//zeokJ637KZJwYKslyUZhwZCI0TwANmaLE8JklmChmb0VkjBUmxuZUsiF4qy+vk3at6rlV7/660qjncRThDM7hEjy4gQbcQRNaQOAJnuEV3pyp8+K8Ox/L1oKTz5zCHzifP48OkUQ=</latexit>

10�1
<latexit sha1_base64="gwA/gG5e/FzC1rUzwmbWL9HaT0c=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbah2ew2yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zM82PBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2x3dzvz1lSvNIPppZzLyQDCUPOCXGSl7a8wOE3af0CmdZv1xxq+4CaJ3gnFQgR6Nf/uoNIpqETBoqiNZd7MbGS4kynAqWlXqJZjGhYzJkXUslCZn20sXRGbqwygAFkbIlDVqovydSEmo9C33bGRIz0qveXPzP6yYmqHkpl3FimKTLRUEikInQPAE04IpRI2aWEKq4vRXREVGEGptTyYaAV19eJ63rKnar+OGmUq/lcRThDM7hEjDcQh3uoQFNoDCBZ3iFN2fqvDjvzseyteDkM6fwB87nD42IkUM=</latexit><latexit sha1_base64="gwA/gG5e/FzC1rUzwmbWL9HaT0c=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbah2ew2yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zM82PBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2x3dzvz1lSvNIPppZzLyQDCUPOCXGSl7a8wOE3af0CmdZv1xxq+4CaJ3gnFQgR6Nf/uoNIpqETBoqiNZd7MbGS4kynAqWlXqJZjGhYzJkXUslCZn20sXRGbqwygAFkbIlDVqovydSEmo9C33bGRIz0qveXPzP6yYmqHkpl3FimKTLRUEikInQPAE04IpRI2aWEKq4vRXREVGEGptTyYaAV19eJ63rKnar+OGmUq/lcRThDM7hEjDcQh3uoQFNoDCBZ3iFN2fqvDjvzseyteDkM6fwB87nD42IkUM=</latexit><latexit sha1_base64="gwA/gG5e/FzC1rUzwmbWL9HaT0c=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbah2ew2yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zM82PBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2x3dzvz1lSvNIPppZzLyQDCUPOCXGSl7a8wOE3af0CmdZv1xxq+4CaJ3gnFQgR6Nf/uoNIpqETBoqiNZd7MbGS4kynAqWlXqJZjGhYzJkXUslCZn20sXRGbqwygAFkbIlDVqovydSEmo9C33bGRIz0qveXPzP6yYmqHkpl3FimKTLRUEikInQPAE04IpRI2aWEKq4vRXREVGEGptTyYaAV19eJ63rKnar+OGmUq/lcRThDM7hEjDcQh3uoQFNoDCBZ3iFN2fqvDjvzseyteDkM6fwB87nD42IkUM=</latexit><latexit sha1_base64="gwA/gG5e/FzC1rUzwmbWL9HaT0c=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2Ujgj0WvHisYD+gXUs2zbah2ew2yRbKsr/DiwdFvPpjvPlvTNs9aOuDgcd7M8zM82PBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2x3dzvz1lSvNIPppZzLyQDCUPOCXGSl7a8wOE3af0CmdZv1xxq+4CaJ3gnFQgR6Nf/uoNIpqETBoqiNZd7MbGS4kynAqWlXqJZjGhYzJkXUslCZn20sXRGbqwygAFkbIlDVqovydSEmo9C33bGRIz0qveXPzP6yYmqHkpl3FimKTLRUEikInQPAE04IpRI2aWEKq4vRXREVGEGptTyYaAV19eJ63rKnar+OGmUq/lcRThDM7hEjDcQh3uoQFNoDCBZ3iFN2fqvDjvzseyteDkM6fwB87nD42IkUM=</latexit>

10
<latexit sha1_base64="Y8w9MnW+zMCOazXgAFQnelY2+5A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVA04T7kd0pEQoGEUrdbN+EBLPnQ2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l987ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMn+eDIXmDOXUEsq0sLcSNqaaMrQRVWwI3vLLq6R9Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETWsBAwjO8wpvz6Lw4787HorXkFDPH8AfO5w8wj49f</latexit><latexit sha1_base64="Y8w9MnW+zMCOazXgAFQnelY2+5A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVA04T7kd0pEQoGEUrdbN+EBLPnQ2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l987ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMn+eDIXmDOXUEsq0sLcSNqaaMrQRVWwI3vLLq6R9Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETWsBAwjO8wpvz6Lw4787HorXkFDPH8AfO5w8wj49f</latexit><latexit sha1_base64="Y8w9MnW+zMCOazXgAFQnelY2+5A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVA04T7kd0pEQoGEUrdbN+EBLPnQ2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l987ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMn+eDIXmDOXUEsq0sLcSNqaaMrQRVWwI3vLLq6R9Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETWsBAwjO8wpvz6Lw4787HorXkFDPH8AfO5w8wj49f</latexit><latexit sha1_base64="Y8w9MnW+zMCOazXgAFQnelY2+5A=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVA04T7kd0pEQoGEUrdbN+EBLPnQ2qNbfu5iCrxCtIDQo0B9Wv/jBmacQVMkmN6Xlugn5GNQom+azSTw1PKJvQEe9ZqmjEjZ/l987ImVWGJIy1LYUkV39PZDQyZhoFtjOiODbL3lz8z+ulGF77mVBJilyxxaIwlQRjMn+eDIXmDOXUEsq0sLcSNqaaMrQRVWwI3vLLq6R9Uffcund/WWvcFHGU4QRO4Rw8uIIG3EETWsBAwjO8wpvz6Lw4787HorXkFDPH8AfO5w8wj49f</latexit>

1<latexit sha1_base64="pEgMGkdunlg1XcIDhFDiqrBgCm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0RFE8BLx4jmAckS5id9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uMJXCWN//9tbWNza3tks75d29/YPDytFxyySZ5tjkiUx0J2QGpVDYtMJK7KQaWRxKbIfju5nffkJtRKIe7STFIGZDJSLBmXVSO++FEaHTfqXq1/w5yCqhBalCgUa/8tUbJDyLUVkumTFd6qc2yJm2gkuclnuZwZTxMRti11HFYjRBPj93Ss6dMiBRol0pS+bq74mcxcZM4tB1xsyOzLI3E//zupmNboJcqDSzqPhiUZRJYhMy+50MhEZu5cQRxrVwtxI+Yppx6xIquxDo8surpHVZo36NPlxV67dFHCU4hTO4AArXUId7aEATOIzhGV7hzUu9F+/d+1i0rnnFzAn8gff5A8CwjyU=</latexit><latexit sha1_base64="pEgMGkdunlg1XcIDhFDiqrBgCm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0RFE8BLx4jmAckS5id9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uMJXCWN//9tbWNza3tks75d29/YPDytFxyySZ5tjkiUx0J2QGpVDYtMJK7KQaWRxKbIfju5nffkJtRKIe7STFIGZDJSLBmXVSO++FEaHTfqXq1/w5yCqhBalCgUa/8tUbJDyLUVkumTFd6qc2yJm2gkuclnuZwZTxMRti11HFYjRBPj93Ss6dMiBRol0pS+bq74mcxcZM4tB1xsyOzLI3E//zupmNboJcqDSzqPhiUZRJYhMy+50MhEZu5cQRxrVwtxI+Yppx6xIquxDo8surpHVZo36NPlxV67dFHCU4hTO4AArXUId7aEATOIzhGV7hzUu9F+/d+1i0rnnFzAn8gff5A8CwjyU=</latexit><latexit sha1_base64="pEgMGkdunlg1XcIDhFDiqrBgCm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0RFE8BLx4jmAckS5id9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uMJXCWN//9tbWNza3tks75d29/YPDytFxyySZ5tjkiUx0J2QGpVDYtMJK7KQaWRxKbIfju5nffkJtRKIe7STFIGZDJSLBmXVSO++FEaHTfqXq1/w5yCqhBalCgUa/8tUbJDyLUVkumTFd6qc2yJm2gkuclnuZwZTxMRti11HFYjRBPj93Ss6dMiBRol0pS+bq74mcxcZM4tB1xsyOzLI3E//zupmNboJcqDSzqPhiUZRJYhMy+50MhEZu5cQRxrVwtxI+Yppx6xIquxDo8surpHVZo36NPlxV67dFHCU4hTO4AArXUId7aEATOIzhGV7hzUu9F+/d+1i0rnnFzAn8gff5A8CwjyU=</latexit><latexit sha1_base64="pEgMGkdunlg1XcIDhFDiqrBgCm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hR0RFE8BLx4jmAckS5id9CZDZmeXmVkhLPkILx4U8er3ePNvnCR70MSChqKqm+6uMJXCWN//9tbWNza3tks75d29/YPDytFxyySZ5tjkiUx0J2QGpVDYtMJK7KQaWRxKbIfju5nffkJtRKIe7STFIGZDJSLBmXVSO++FEaHTfqXq1/w5yCqhBalCgUa/8tUbJDyLUVkumTFd6qc2yJm2gkuclnuZwZTxMRti11HFYjRBPj93Ss6dMiBRol0pS+bq74mcxcZM4tB1xsyOzLI3E//zupmNboJcqDSzqPhiUZRJYhMy+50MhEZu5cQRxrVwtxI+Yppx6xIquxDo8surpHVZo36NPlxV67dFHCU4hTO4AArXUId7aEATOIzhGV7hzUu9F+/d+1i0rnnFzAn8gff5A8CwjyU=</latexit>P
<latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587pedOGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit><latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587pedOGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit><latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587pedOGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit><latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587pedOGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit>

[GeV/fm3]
<latexit sha1_base64="LHUdytLHhu5hFTNmTYB2Fbr/vl8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuKuCnoMetBjBPOAzRpmJ73JkJnZZWZWiEu+xIsHRbz6Kd78GyePg0YLGoqqbrq7opQzbTzvyyksLa+srhXXSxubW9tld2e3qZNMUWjQhCeqHRENnEloGGY4tFMFREQcWtHwauK3HkBplsg7M0ohFKQvWcwoMVbquuW8E8XBNTSPY3F/Go67bsWrelPgv8Sfkwqao951Pzu9hGYCpKGcaB34XmrCnCjDKIdxqZNpSAkdkj4ElkoiQIf59PAxPrRKD8eJsiUNnqo/J3IitB6JyHYKYgZ60ZuI/3lBZuKLMGcyzQxIOlsUZxybBE9SwD2mgBo+soRQxeytmA6IItTYrEo2BH/x5b+keVL1vap/e1apXc7jKKJ9dICOkI/OUQ3doDpqIIoy9IRe0Kvz6Dw7b877rLXgzGf20C84H98HnZKq</latexit><latexit sha1_base64="LHUdytLHhu5hFTNmTYB2Fbr/vl8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuKuCnoMetBjBPOAzRpmJ73JkJnZZWZWiEu+xIsHRbz6Kd78GyePg0YLGoqqbrq7opQzbTzvyyksLa+srhXXSxubW9tld2e3qZNMUWjQhCeqHRENnEloGGY4tFMFREQcWtHwauK3HkBplsg7M0ohFKQvWcwoMVbquuW8E8XBNTSPY3F/Go67bsWrelPgv8Sfkwqao951Pzu9hGYCpKGcaB34XmrCnCjDKIdxqZNpSAkdkj4ElkoiQIf59PAxPrRKD8eJsiUNnqo/J3IitB6JyHYKYgZ60ZuI/3lBZuKLMGcyzQxIOlsUZxybBE9SwD2mgBo+soRQxeytmA6IItTYrEo2BH/x5b+keVL1vap/e1apXc7jKKJ9dICOkI/OUQ3doDpqIIoy9IRe0Kvz6Dw7b877rLXgzGf20C84H98HnZKq</latexit><latexit sha1_base64="LHUdytLHhu5hFTNmTYB2Fbr/vl8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuKuCnoMetBjBPOAzRpmJ73JkJnZZWZWiEu+xIsHRbz6Kd78GyePg0YLGoqqbrq7opQzbTzvyyksLa+srhXXSxubW9tld2e3qZNMUWjQhCeqHRENnEloGGY4tFMFREQcWtHwauK3HkBplsg7M0ohFKQvWcwoMVbquuW8E8XBNTSPY3F/Go67bsWrelPgv8Sfkwqao951Pzu9hGYCpKGcaB34XmrCnCjDKIdxqZNpSAkdkj4ElkoiQIf59PAxPrRKD8eJsiUNnqo/J3IitB6JyHYKYgZ60ZuI/3lBZuKLMGcyzQxIOlsUZxybBE9SwD2mgBo+soRQxeytmA6IItTYrEo2BH/x5b+keVL1vap/e1apXc7jKKJ9dICOkI/OUQ3doDpqIIoy9IRe0Kvz6Dw7b877rLXgzGf20C84H98HnZKq</latexit><latexit sha1_base64="LHUdytLHhu5hFTNmTYB2Fbr/vl8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuKuCnoMetBjBPOAzRpmJ73JkJnZZWZWiEu+xIsHRbz6Kd78GyePg0YLGoqqbrq7opQzbTzvyyksLa+srhXXSxubW9tld2e3qZNMUWjQhCeqHRENnEloGGY4tFMFREQcWtHwauK3HkBplsg7M0ohFKQvWcwoMVbquuW8E8XBNTSPY3F/Go67bsWrelPgv8Sfkwqao951Pzu9hGYCpKGcaB34XmrCnCjDKIdxqZNpSAkdkj4ElkoiQIf59PAxPrRKD8eJsiUNnqo/J3IitB6JyHYKYgZ60ZuI/3lBZuKLMGcyzQxIOlsUZxybBE9SwD2mgBo+soRQxeytmA6IItTYrEo2BH/x5b+keVL1vap/e1apXc7jKKJ9dICOkI/OUQ3doDpqIIoy9IRe0Kvz6Dw7b877rLXgzGf20C84H98HnZKq</latexit>

[GeV/fm3]
<latexit sha1_base64="LHUdytLHhu5hFTNmTYB2Fbr/vl8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuKuCnoMetBjBPOAzRpmJ73JkJnZZWZWiEu+xIsHRbz6Kd78GyePg0YLGoqqbrq7opQzbTzvyyksLa+srhXXSxubW9tld2e3qZNMUWjQhCeqHRENnEloGGY4tFMFREQcWtHwauK3HkBplsg7M0ohFKQvWcwoMVbquuW8E8XBNTSPY3F/Go67bsWrelPgv8Sfkwqao951Pzu9hGYCpKGcaB34XmrCnCjDKIdxqZNpSAkdkj4ElkoiQIf59PAxPrRKD8eJsiUNnqo/J3IitB6JyHYKYgZ60ZuI/3lBZuKLMGcyzQxIOlsUZxybBE9SwD2mgBo+soRQxeytmA6IItTYrEo2BH/x5b+keVL1vap/e1apXc7jKKJ9dICOkI/OUQ3doDpqIIoy9IRe0Kvz6Dw7b877rLXgzGf20C84H98HnZKq</latexit><latexit sha1_base64="LHUdytLHhu5hFTNmTYB2Fbr/vl8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuKuCnoMetBjBPOAzRpmJ73JkJnZZWZWiEu+xIsHRbz6Kd78GyePg0YLGoqqbrq7opQzbTzvyyksLa+srhXXSxubW9tld2e3qZNMUWjQhCeqHRENnEloGGY4tFMFREQcWtHwauK3HkBplsg7M0ohFKQvWcwoMVbquuW8E8XBNTSPY3F/Go67bsWrelPgv8Sfkwqao951Pzu9hGYCpKGcaB34XmrCnCjDKIdxqZNpSAkdkj4ElkoiQIf59PAxPrRKD8eJsiUNnqo/J3IitB6JyHYKYgZ60ZuI/3lBZuKLMGcyzQxIOlsUZxybBE9SwD2mgBo+soRQxeytmA6IItTYrEo2BH/x5b+keVL1vap/e1apXc7jKKJ9dICOkI/OUQ3doDpqIIoy9IRe0Kvz6Dw7b877rLXgzGf20C84H98HnZKq</latexit><latexit sha1_base64="LHUdytLHhu5hFTNmTYB2Fbr/vl8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuKuCnoMetBjBPOAzRpmJ73JkJnZZWZWiEu+xIsHRbz6Kd78GyePg0YLGoqqbrq7opQzbTzvyyksLa+srhXXSxubW9tld2e3qZNMUWjQhCeqHRENnEloGGY4tFMFREQcWtHwauK3HkBplsg7M0ohFKQvWcwoMVbquuW8E8XBNTSPY3F/Go67bsWrelPgv8Sfkwqao951Pzu9hGYCpKGcaB34XmrCnCjDKIdxqZNpSAkdkj4ElkoiQIf59PAxPrRKD8eJsiUNnqo/J3IitB6JyHYKYgZ60ZuI/3lBZuKLMGcyzQxIOlsUZxybBE9SwD2mgBo+soRQxeytmA6IItTYrEo2BH/x5b+keVL1vap/e1apXc7jKKJ9dICOkI/OUQ3doDpqIIoy9IRe0Kvz6Dw7b877rLXgzGf20C84H98HnZKq</latexit><latexit sha1_base64="LHUdytLHhu5hFTNmTYB2Fbr/vl8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuKuCnoMetBjBPOAzRpmJ73JkJnZZWZWiEu+xIsHRbz6Kd78GyePg0YLGoqqbrq7opQzbTzvyyksLa+srhXXSxubW9tld2e3qZNMUWjQhCeqHRENnEloGGY4tFMFREQcWtHwauK3HkBplsg7M0ohFKQvWcwoMVbquuW8E8XBNTSPY3F/Go67bsWrelPgv8Sfkwqao951Pzu9hGYCpKGcaB34XmrCnCjDKIdxqZNpSAkdkj4ElkoiQIf59PAxPrRKD8eJsiUNnqo/J3IitB6JyHYKYgZ60ZuI/3lBZuKLMGcyzQxIOlsUZxybBE9SwD2mgBo+soRQxeytmA6IItTYrEo2BH/x5b+keVL1vap/e1apXc7jKKJ9dICOkI/OUQ3doDpqIIoy9IRe0Kvz6Dw7b877rLXgzGf20C84H98HnZKq</latexit>

E
<latexit sha1_base64="6Ojq8J+MUSto/cqoZK59zk68EUY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8V7Ac0oWy2m3bpZjfubgol5Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zoQqzaR4NNOEBjEeChYxgo2VgswPo8wnmKO7PO9Xa27dnQOtEq8gNSjQ7Fe//IEkaUyFIRxr3fPcxAQZVoYRTvOKn2qaYDLGQ9qzVOCY6iCbH52jM6sMUCSVLWHQXP09keFY62kc2s4Ym5Fe9mbif14vNdF1kDGRpIYKslgUpRwZiWYJoAFTlBg+tQQTxeytiIywwsTYnCo2BG/55VXSvqh7bt17uKw1boo4ynACp3AOHlxBA+6hCS0g8ATP8ApvzsR5cd6dj0VrySlmjuEPnM8fpnSSAQ==</latexit><latexit sha1_base64="6Ojq8J+MUSto/cqoZK59zk68EUY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8V7Ac0oWy2m3bpZjfubgol5Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zoQqzaR4NNOEBjEeChYxgo2VgswPo8wnmKO7PO9Xa27dnQOtEq8gNSjQ7Fe//IEkaUyFIRxr3fPcxAQZVoYRTvOKn2qaYDLGQ9qzVOCY6iCbH52jM6sMUCSVLWHQXP09keFY62kc2s4Ym5Fe9mbif14vNdF1kDGRpIYKslgUpRwZiWYJoAFTlBg+tQQTxeytiIywwsTYnCo2BG/55VXSvqh7bt17uKw1boo4ynACp3AOHlxBA+6hCS0g8ATP8ApvzsR5cd6dj0VrySlmjuEPnM8fpnSSAQ==</latexit><latexit sha1_base64="6Ojq8J+MUSto/cqoZK59zk68EUY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8V7Ac0oWy2m3bpZjfubgol5Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zoQqzaR4NNOEBjEeChYxgo2VgswPo8wnmKO7PO9Xa27dnQOtEq8gNSjQ7Fe//IEkaUyFIRxr3fPcxAQZVoYRTvOKn2qaYDLGQ9qzVOCY6iCbH52jM6sMUCSVLWHQXP09keFY62kc2s4Ym5Fe9mbif14vNdF1kDGRpIYKslgUpRwZiWYJoAFTlBg+tQQTxeytiIywwsTYnCo2BG/55VXSvqh7bt17uKw1boo4ynACp3AOHlxBA+6hCS0g8ATP8ApvzsR5cd6dj0VrySlmjuEPnM8fpnSSAQ==</latexit><latexit sha1_base64="6Ojq8J+MUSto/cqoZK59zk68EUY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNRBI8V7Ac0oWy2m3bpZjfubgol5Hd48aCIV3+MN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8tUEdoikkvVDbGmnAnaMsxw2k0UxXHIaScc3878zoQqzaR4NNOEBjEeChYxgo2VgswPo8wnmKO7PO9Xa27dnQOtEq8gNSjQ7Fe//IEkaUyFIRxr3fPcxAQZVoYRTvOKn2qaYDLGQ9qzVOCY6iCbH52jM6sMUCSVLWHQXP09keFY62kc2s4Ym5Fe9mbif14vNdF1kDGRpIYKslgUpRwZiWYJoAFTlBg+tQQTxeytiIywwsTYnCo2BG/55VXSvqh7bt17uKw1boo4ynACp3AOHlxBA+6hCS0g8ATP8ApvzsR5cd6dj0VrySlmjuEPnM8fpnSSAQ==</latexit>

P
<latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587pedOGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit><latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587pedOGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit><latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587pedOGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit><latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587pedOGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit>


GeV

fm3

�

<latexit sha1_base64="VDG6UeoNuNgketmml3exqv+btFU=">AAACCnicbVC7TsNAEDzzDOEVoKQ5iJCoIhuQoESigDJIJEGyTXS+rJMTZ591t0aKrNQ0/AoNBQjR8gV0/A2XxAWvqUYzs9rdiTIpDLrupzMzOze/sFhZqi6vrK6t1zY220blmkOLK6n0dcQMSJFCCwVKuM40sCSS0Iluz8Z+5w60ESq9wmEGYcL6qYgFZ2ilbm2nCKI4kBCjX5xDO1A2TOPk5nAUaNEfYDjq1upuw52A/iVeSeqkRLNb+wh6iucJpMglM8b33AzDgmkUXMKoGuQGMsZvWR98S1OWgAmLySsjumeVHo2VPUKlSCfq94mCJcYMk8gmE4YD89sbi/95fo7xSViINMsRUj5dFOeSoqLjXmhPaOAoh5YwroW9lfIB04yjba9qS/B+v/yXtA8antvwLo/qpydlHRWyTXbJPvHIMTklF6RJWoSTe/JInsmL8+A8Oa/O2zQ645QzW+QHnPcvq1ma1g==</latexit><latexit sha1_base64="VDG6UeoNuNgketmml3exqv+btFU=">AAACCnicbVC7TsNAEDzzDOEVoKQ5iJCoIhuQoESigDJIJEGyTXS+rJMTZ591t0aKrNQ0/AoNBQjR8gV0/A2XxAWvqUYzs9rdiTIpDLrupzMzOze/sFhZqi6vrK6t1zY220blmkOLK6n0dcQMSJFCCwVKuM40sCSS0Iluz8Z+5w60ESq9wmEGYcL6qYgFZ2ilbm2nCKI4kBCjX5xDO1A2TOPk5nAUaNEfYDjq1upuw52A/iVeSeqkRLNb+wh6iucJpMglM8b33AzDgmkUXMKoGuQGMsZvWR98S1OWgAmLySsjumeVHo2VPUKlSCfq94mCJcYMk8gmE4YD89sbi/95fo7xSViINMsRUj5dFOeSoqLjXmhPaOAoh5YwroW9lfIB04yjba9qS/B+v/yXtA8antvwLo/qpydlHRWyTXbJPvHIMTklF6RJWoSTe/JInsmL8+A8Oa/O2zQ645QzW+QHnPcvq1ma1g==</latexit><latexit sha1_base64="VDG6UeoNuNgketmml3exqv+btFU=">AAACCnicbVC7TsNAEDzzDOEVoKQ5iJCoIhuQoESigDJIJEGyTXS+rJMTZ591t0aKrNQ0/AoNBQjR8gV0/A2XxAWvqUYzs9rdiTIpDLrupzMzOze/sFhZqi6vrK6t1zY220blmkOLK6n0dcQMSJFCCwVKuM40sCSS0Iluz8Z+5w60ESq9wmEGYcL6qYgFZ2ilbm2nCKI4kBCjX5xDO1A2TOPk5nAUaNEfYDjq1upuw52A/iVeSeqkRLNb+wh6iucJpMglM8b33AzDgmkUXMKoGuQGMsZvWR98S1OWgAmLySsjumeVHo2VPUKlSCfq94mCJcYMk8gmE4YD89sbi/95fo7xSViINMsRUj5dFOeSoqLjXmhPaOAoh5YwroW9lfIB04yjba9qS/B+v/yXtA8antvwLo/qpydlHRWyTXbJPvHIMTklF6RJWoSTe/JInsmL8+A8Oa/O2zQ645QzW+QHnPcvq1ma1g==</latexit><latexit sha1_base64="VDG6UeoNuNgketmml3exqv+btFU=">AAACCnicbVC7TsNAEDzzDOEVoKQ5iJCoIhuQoESigDJIJEGyTXS+rJMTZ591t0aKrNQ0/AoNBQjR8gV0/A2XxAWvqUYzs9rdiTIpDLrupzMzOze/sFhZqi6vrK6t1zY220blmkOLK6n0dcQMSJFCCwVKuM40sCSS0Iluz8Z+5w60ESq9wmEGYcL6qYgFZ2ilbm2nCKI4kBCjX5xDO1A2TOPk5nAUaNEfYDjq1upuw52A/iVeSeqkRLNb+wh6iucJpMglM8b33AzDgmkUXMKoGuQGMsZvWR98S1OWgAmLySsjumeVHo2VPUKlSCfq94mCJcYMk8gmE4YD89sbi/95fo7xSViINMsRUj5dFOeSoqLjXmhPaOAoh5YwroW9lfIB04yjba9qS/B+v/yXtA8antvwLo/qpydlHRWyTXbJPvHIMTklF6RJWoSTe/JInsmL8+A8Oa/O2zQ645QzW+QHnPcvq1ma1g==</latexit>

Chiral EFT + FRG

Nuclear constraints

pQCD

constraints:

M
max

< 2M�
<latexit sha1_base64="JF9n/Ixuy03tIRaOwnxRhB/3Kzk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRFsAsXBTduChXsA9oQJpNJO3QmE2YmYgj1V9y4UMStH+LOv3HaZqGtBy4czrmXe+8JEkaVdpxvq7SxubW9U96t7O0fHB7Zxyc9JVKJSRcLJuQgQIowGpOuppqRQSIJ4gEj/WB6M/f7D0QqKuJ7nSXE42gc04hipI3k29W2n3P0OIPXsAHb/kiEQvt2zak7C8B14hakBgp0fPtrFAqcchJrzJBSQ9dJtJcjqSlmZFYZpYokCE/RmAwNjREnyssXx8/guVFCGAlpKtZwof6eyBFXKuOB6eRIT9SqNxf/84apjppeTuMk1STGy0VRyqAWcJ4EDKkkWLPMEIQlNbdCPEESYW3yqpgQ3NWX10mvUXedunt3WWs1izjK4BScgQvggivQAregA7oAgww8g1fwZj1ZL9a79bFsLVnFTBX8gfX5A0RQk9U=</latexit><latexit sha1_base64="JF9n/Ixuy03tIRaOwnxRhB/3Kzk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRFsAsXBTduChXsA9oQJpNJO3QmE2YmYgj1V9y4UMStH+LOv3HaZqGtBy4czrmXe+8JEkaVdpxvq7SxubW9U96t7O0fHB7Zxyc9JVKJSRcLJuQgQIowGpOuppqRQSIJ4gEj/WB6M/f7D0QqKuJ7nSXE42gc04hipI3k29W2n3P0OIPXsAHb/kiEQvt2zak7C8B14hakBgp0fPtrFAqcchJrzJBSQ9dJtJcjqSlmZFYZpYokCE/RmAwNjREnyssXx8/guVFCGAlpKtZwof6eyBFXKuOB6eRIT9SqNxf/84apjppeTuMk1STGy0VRyqAWcJ4EDKkkWLPMEIQlNbdCPEESYW3yqpgQ3NWX10mvUXedunt3WWs1izjK4BScgQvggivQAregA7oAgww8g1fwZj1ZL9a79bFsLVnFTBX8gfX5A0RQk9U=</latexit><latexit sha1_base64="JF9n/Ixuy03tIRaOwnxRhB/3Kzk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRFsAsXBTduChXsA9oQJpNJO3QmE2YmYgj1V9y4UMStH+LOv3HaZqGtBy4czrmXe+8JEkaVdpxvq7SxubW9U96t7O0fHB7Zxyc9JVKJSRcLJuQgQIowGpOuppqRQSIJ4gEj/WB6M/f7D0QqKuJ7nSXE42gc04hipI3k29W2n3P0OIPXsAHb/kiEQvt2zak7C8B14hakBgp0fPtrFAqcchJrzJBSQ9dJtJcjqSlmZFYZpYokCE/RmAwNjREnyssXx8/guVFCGAlpKtZwof6eyBFXKuOB6eRIT9SqNxf/84apjppeTuMk1STGy0VRyqAWcJ4EDKkkWLPMEIQlNbdCPEESYW3yqpgQ3NWX10mvUXedunt3WWs1izjK4BScgQvggivQAregA7oAgww8g1fwZj1ZL9a79bFsLVnFTBX8gfX5A0RQk9U=</latexit><latexit sha1_base64="JF9n/Ixuy03tIRaOwnxRhB/3Kzk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRFsAsXBTduChXsA9oQJpNJO3QmE2YmYgj1V9y4UMStH+LOv3HaZqGtBy4czrmXe+8JEkaVdpxvq7SxubW9U96t7O0fHB7Zxyc9JVKJSRcLJuQgQIowGpOuppqRQSIJ4gEj/WB6M/f7D0QqKuJ7nSXE42gc04hipI3k29W2n3P0OIPXsAHb/kiEQvt2zak7C8B14hakBgp0fPtrFAqcchJrzJBSQ9dJtJcjqSlmZFYZpYokCE/RmAwNjREnyssXx8/guVFCGAlpKtZwof6eyBFXKuOB6eRIT9SqNxf/84apjppeTuMk1STGy0VRyqAWcJ4EDKkkWLPMEIQlNbdCPEESYW3yqpgQ3NWX10mvUXedunt3WWs1izjK4BScgQvggivQAregA7oAgww8g1fwZj1ZL9a79bFsLVnFTBX8gfX5A0RQk9U=</latexit>

excluded

⇤ < 580
<latexit sha1_base64="mgjODdzMxRtajG4Nk3QfmRt8EYg=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqmREsQsXBTcuXFSwD2iHkslk2tBMZkwyhTL0O9y4UMStH+POvzFtZ6GtBwKHc87l3hw/EVwbjL+dwtr6xuZWcbu0s7u3f1A+PGrpOFWUNWksYtXxiWaCS9Y03AjWSRQjkS9Y2x/dzvz2mCnNY/loJgnzIjKQPOSUGCt5vXsbDQi6QVc13C9XcBXPgVaJm5MK5Gj0y1+9IKZpxKShgmjddXFivIwow6lg01Iv1SwhdEQGrGupJBHTXjY/eorOrBKgMFb2SYPm6u+JjERaTyLfJiNihnrZm4n/ed3UhDUv4zJJDZN0sShMBTIxmjWAAq4YNWJiCaGK21sRHRJFqLE9lWwJ7vKXV0nrouriqvtwWanX8jqKcAKncA4uXEMd7qABTaDwBM/wCm/O2Hlx3p2PRbTg5DPH8AfO5w+io5Co</latexit><latexit sha1_base64="mgjODdzMxRtajG4Nk3QfmRt8EYg=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqmREsQsXBTcuXFSwD2iHkslk2tBMZkwyhTL0O9y4UMStH+POvzFtZ6GtBwKHc87l3hw/EVwbjL+dwtr6xuZWcbu0s7u3f1A+PGrpOFWUNWksYtXxiWaCS9Y03AjWSRQjkS9Y2x/dzvz2mCnNY/loJgnzIjKQPOSUGCt5vXsbDQi6QVc13C9XcBXPgVaJm5MK5Gj0y1+9IKZpxKShgmjddXFivIwow6lg01Iv1SwhdEQGrGupJBHTXjY/eorOrBKgMFb2SYPm6u+JjERaTyLfJiNihnrZm4n/ed3UhDUv4zJJDZN0sShMBTIxmjWAAq4YNWJiCaGK21sRHRJFqLE9lWwJ7vKXV0nrouriqvtwWanX8jqKcAKncA4uXEMd7qABTaDwBM/wCm/O2Hlx3p2PRbTg5DPH8AfO5w+io5Co</latexit><latexit sha1_base64="mgjODdzMxRtajG4Nk3QfmRt8EYg=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqmREsQsXBTcuXFSwD2iHkslk2tBMZkwyhTL0O9y4UMStH+POvzFtZ6GtBwKHc87l3hw/EVwbjL+dwtr6xuZWcbu0s7u3f1A+PGrpOFWUNWksYtXxiWaCS9Y03AjWSRQjkS9Y2x/dzvz2mCnNY/loJgnzIjKQPOSUGCt5vXsbDQi6QVc13C9XcBXPgVaJm5MK5Gj0y1+9IKZpxKShgmjddXFivIwow6lg01Iv1SwhdEQGrGupJBHTXjY/eorOrBKgMFb2SYPm6u+JjERaTyLfJiNihnrZm4n/ed3UhDUv4zJJDZN0sShMBTIxmjWAAq4YNWJiCaGK21sRHRJFqLE9lWwJ7vKXV0nrouriqvtwWanX8jqKcAKncA4uXEMd7qABTaDwBM/wCm/O2Hlx3p2PRbTg5DPH8AfO5w+io5Co</latexit><latexit sha1_base64="mgjODdzMxRtajG4Nk3QfmRt8EYg=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqmREsQsXBTcuXFSwD2iHkslk2tBMZkwyhTL0O9y4UMStH+POvzFtZ6GtBwKHc87l3hw/EVwbjL+dwtr6xuZWcbu0s7u3f1A+PGrpOFWUNWksYtXxiWaCS9Y03AjWSRQjkS9Y2x/dzvz2mCnNY/loJgnzIjKQPOSUGCt5vXsbDQi6QVc13C9XcBXPgVaJm5MK5Gj0y1+9IKZpxKShgmjddXFivIwow6lg01Iv1SwhdEQGrGupJBHTXjY/eorOrBKgMFb2SYPm6u+JjERaTyLfJiNihnrZm4n/ed3UhDUv4zJJDZN0sShMBTIxmjWAAq4YNWJiCaGK21sRHRJFqLE9lWwJ7vKXV0nrouriqvtwWanX8jqKcAKncA4uXEMd7qABTaDwBM/wCm/O2Hlx3p2PRbTg5DPH8AfO5w+io5Co</latexit>

(LIGO & Virgo)
GW:

NEUTRON STAR MATTER 
 Equation of State

… now including updated 
    GW constraints
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Quark matter ?



SUMMARY

ChEFT + many-body perturbation theory works for 

“Conventional” (non-exotic)  EoS  consistent with constraints 
 from neutron stars (                      , tidal deformability from GW)

Systematic framework at the interface of QCD (with light quarks) 
and physics of hadrons, nuclei and nuclear forces :

Chiral Effective Field Theory   
combined with  

Functional Renormalization Group

41
PHYSIK
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Strangeness in the neutron star core ?  Hyperon puzzle ? 
New developments: hyperon-nuclear interactions from  
Chiral SU(3) Effective Field Theory

⇢ . 2⇢0
<latexit sha1_base64="h8zCZsJIumRZhAIgoOUN/11rJek=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgupCRFsMuCG5cV7AOaECaTSTt0JhNmJkIJ+Q03/oobF4q41JV/46TNQlsPDHM4517uvSdMGVXacb6ttfWNza3t2k59d2//4NA+Ou4rkUlMelgwIYchUoTRhPQ01YwMU0kQDxkZhNOb0h88EKmoSO71LCU+R+OExhQjbaTAdnIvFCxSM24+T06Ex4hSinLY8i6XvcApisBuOE1nDrhK3Io0QIVuYH96kcAZJ4nGDCk1cp1U+zmSmmJGirqXKZIiPEVjMjI0QZwoP59fVsBzo0QwFtK8RMO5+rsjR1yV+5lKjvRELXul+J83ynTc9nOapJkmCV4MijMGtYBlTDCikmDNZoYgLKnZFeIJkghrE2bdhOAun7xK+q2m6zTdu6tGp13FUQOn4AxcABdcgw64BV3QAxg8gmfwCt6sJ+vFerc+FqVrVtVzAv7A+voBQ6ahpg==</latexit><latexit sha1_base64="h8zCZsJIumRZhAIgoOUN/11rJek=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgupCRFsMuCG5cV7AOaECaTSTt0JhNmJkIJ+Q03/oobF4q41JV/46TNQlsPDHM4517uvSdMGVXacb6ttfWNza3t2k59d2//4NA+Ou4rkUlMelgwIYchUoTRhPQ01YwMU0kQDxkZhNOb0h88EKmoSO71LCU+R+OExhQjbaTAdnIvFCxSM24+T06Ex4hSinLY8i6XvcApisBuOE1nDrhK3Io0QIVuYH96kcAZJ4nGDCk1cp1U+zmSmmJGirqXKZIiPEVjMjI0QZwoP59fVsBzo0QwFtK8RMO5+rsjR1yV+5lKjvRELXul+J83ynTc9nOapJkmCV4MijMGtYBlTDCikmDNZoYgLKnZFeIJkghrE2bdhOAun7xK+q2m6zTdu6tGp13FUQOn4AxcABdcgw64BV3QAxg8gmfwCt6sJ+vFerc+FqVrVtVzAv7A+voBQ6ahpg==</latexit><latexit sha1_base64="h8zCZsJIumRZhAIgoOUN/11rJek=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgupCRFsMuCG5cV7AOaECaTSTt0JhNmJkIJ+Q03/oobF4q41JV/46TNQlsPDHM4517uvSdMGVXacb6ttfWNza3t2k59d2//4NA+Ou4rkUlMelgwIYchUoTRhPQ01YwMU0kQDxkZhNOb0h88EKmoSO71LCU+R+OExhQjbaTAdnIvFCxSM24+T06Ex4hSinLY8i6XvcApisBuOE1nDrhK3Io0QIVuYH96kcAZJ4nGDCk1cp1U+zmSmmJGirqXKZIiPEVjMjI0QZwoP59fVsBzo0QwFtK8RMO5+rsjR1yV+5lKjvRELXul+J83ynTc9nOapJkmCV4MijMGtYBlTDCikmDNZoYgLKnZFeIJkghrE2bdhOAun7xK+q2m6zTdu6tGp13FUQOn4AxcABdcgw64BV3QAxg8gmfwCt6sJ+vFerc+FqVrVtVzAv7A+voBQ6ahpg==</latexit><latexit sha1_base64="h8zCZsJIumRZhAIgoOUN/11rJek=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgupCRFsMuCG5cV7AOaECaTSTt0JhNmJkIJ+Q03/oobF4q41JV/46TNQlsPDHM4517uvSdMGVXacb6ttfWNza3t2k59d2//4NA+Ou4rkUlMelgwIYchUoTRhPQ01YwMU0kQDxkZhNOb0h88EKmoSO71LCU+R+OExhQjbaTAdnIvFCxSM24+T06Ex4hSinLY8i6XvcApisBuOE1nDrhK3Io0QIVuYH96kcAZJ4nGDCk1cp1U+zmSmmJGirqXKZIiPEVjMjI0QZwoP59fVsBzo0QwFtK8RMO5+rsjR1yV+5lKjvRELXul+J83ynTc9nOapJkmCV4MijMGtYBlTDCikmDNZoYgLKnZFeIJkghrE2bdhOAun7xK+q2m6zTdu6tGp13FUQOn4AxcABdcgw64BV3QAxg8gmfwCt6sJ+vFerc+FqVrVtVzAv7A+voBQ6ahpg==</latexit>

ChEFT + (non-perturbative) FRG may work at even higher densities

M
max

' 2M�
<latexit sha1_base64="j/SLzRnyrUeRbaRQQnx+bgs4dNg=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCwkLAbBMUqYGMjRDAPyIZldnY2GTKPdWZWDEu+wMZfsbFQxNbazr9x8hA08cCFwzn3cu89YcKoNq775eSWlldW1/LrhY3Nre2d4u5eU8tUYdLAkknVDpEmjArSMNQw0k4UQTxkpBUOLsZ+644oTaW4McOEdDnqCRpTjIyVgmI588MYXo2CjKP7EfQ15eQWVv3jH92XkTRBseRW3AngIvFmpARmqAfFTz+SOOVEGMyQ1h3PTUw3Q8pQzMio4KeaJAgPUI90LBWIE93NJu+MYNkqEYylsiUMnKi/JzLEtR7y0HZyZPp63huL/3md1MRn3YyKJDVE4OmiOGXQSDjOBkZUEWzY0BKEFbW3QtxHCmFjEyzYELz5lxdJs1rx3Ip3fVKqnc/iyIMDcAiOgAdOQQ1cgjpoAAwewBN4Aa/Oo/PsvDnv09acM5vZB3/gfHwDagGbqg==</latexit><latexit sha1_base64="j/SLzRnyrUeRbaRQQnx+bgs4dNg=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCwkLAbBMUqYGMjRDAPyIZldnY2GTKPdWZWDEu+wMZfsbFQxNbazr9x8hA08cCFwzn3cu89YcKoNq775eSWlldW1/LrhY3Nre2d4u5eU8tUYdLAkknVDpEmjArSMNQw0k4UQTxkpBUOLsZ+644oTaW4McOEdDnqCRpTjIyVgmI588MYXo2CjKP7EfQ15eQWVv3jH92XkTRBseRW3AngIvFmpARmqAfFTz+SOOVEGMyQ1h3PTUw3Q8pQzMio4KeaJAgPUI90LBWIE93NJu+MYNkqEYylsiUMnKi/JzLEtR7y0HZyZPp63huL/3md1MRn3YyKJDVE4OmiOGXQSDjOBkZUEWzY0BKEFbW3QtxHCmFjEyzYELz5lxdJs1rx3Ip3fVKqnc/iyIMDcAiOgAdOQQ1cgjpoAAwewBN4Aa/Oo/PsvDnv09acM5vZB3/gfHwDagGbqg==</latexit><latexit sha1_base64="j/SLzRnyrUeRbaRQQnx+bgs4dNg=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCwkLAbBMUqYGMjRDAPyIZldnY2GTKPdWZWDEu+wMZfsbFQxNbazr9x8hA08cCFwzn3cu89YcKoNq775eSWlldW1/LrhY3Nre2d4u5eU8tUYdLAkknVDpEmjArSMNQw0k4UQTxkpBUOLsZ+644oTaW4McOEdDnqCRpTjIyVgmI588MYXo2CjKP7EfQ15eQWVv3jH92XkTRBseRW3AngIvFmpARmqAfFTz+SOOVEGMyQ1h3PTUw3Q8pQzMio4KeaJAgPUI90LBWIE93NJu+MYNkqEYylsiUMnKi/JzLEtR7y0HZyZPp63huL/3md1MRn3YyKJDVE4OmiOGXQSDjOBkZUEWzY0BKEFbW3QtxHCmFjEyzYELz5lxdJs1rx3Ip3fVKqnc/iyIMDcAiOgAdOQQ1cgjpoAAwewBN4Aa/Oo/PsvDnv09acM5vZB3/gfHwDagGbqg==</latexit><latexit sha1_base64="j/SLzRnyrUeRbaRQQnx+bgs4dNg=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCwkLAbBMUqYGMjRDAPyIZldnY2GTKPdWZWDEu+wMZfsbFQxNbazr9x8hA08cCFwzn3cu89YcKoNq775eSWlldW1/LrhY3Nre2d4u5eU8tUYdLAkknVDpEmjArSMNQw0k4UQTxkpBUOLsZ+644oTaW4McOEdDnqCRpTjIyVgmI588MYXo2CjKP7EfQ15eQWVv3jH92XkTRBseRW3AngIvFmpARmqAfFTz+SOOVEGMyQ1h3PTUw3Q8pQzMio4KeaJAgPUI90LBWIE93NJu+MYNkqEYylsiUMnKi/JzLEtR7y0HZyZPp63huL/3md1MRn3YyKJDVE4OmiOGXQSDjOBkZUEWzY0BKEFbW3QtxHCmFjEyzYELz5lxdJs1rx3Ip3fVKqnc/iyIMDcAiOgAdOQQ1cgjpoAAwewBN4Aa/Oo/PsvDnv09acM5vZB3/gfHwDagGbqg==</latexit>

No chiral phase transition in n-matter up to at least ⇢ > 5⇢0
<latexit sha1_base64="obTF7OsTc1LRTzWXEV8O+KJBEK4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgutCSiKC6k4MZlBfuAJoTJZNIOncyEmYlQQr/Cjb/ixoUibsWdf+OkzUJbDwxzOOde7r0nTBlV2nG+rYXFpeWV1cpadX1jc2vb3tltK5FJTFpYMCG7IVKEUU5ammpGuqkkKAkZ6YTDm8LvPBCpqOD3epQSP0F9TmOKkTZSYJ/kXihYpEaJ+aAnB2IMr+G5dzyvBw4M7JpTdyaA88QtSQ2UaAb2lxcJnCWEa8yQUj3XSbWfI6kpZmRc9TJFUoSHqE96hnKUEOXnk7PG8NAoEYyFNI9rOFF/d+QoUcWCpjJBeqBmvUL8z+tlOr70c8rTTBOOp4PijEEtYJERjKgkWLORIQhLanaFeIAkwtokWTUhuLMnz5P2ad116u7dWa1xVcZRAfvgABwBF1yABrgFTdACGDyCZ/AK3qwn68V6tz6mpQtW2bMH/sD6/AGRMJ7v</latexit><latexit sha1_base64="obTF7OsTc1LRTzWXEV8O+KJBEK4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgutCSiKC6k4MZlBfuAJoTJZNIOncyEmYlQQr/Cjb/ixoUibsWdf+OkzUJbDwxzOOde7r0nTBlV2nG+rYXFpeWV1cpadX1jc2vb3tltK5FJTFpYMCG7IVKEUU5ammpGuqkkKAkZ6YTDm8LvPBCpqOD3epQSP0F9TmOKkTZSYJ/kXihYpEaJ+aAnB2IMr+G5dzyvBw4M7JpTdyaA88QtSQ2UaAb2lxcJnCWEa8yQUj3XSbWfI6kpZmRc9TJFUoSHqE96hnKUEOXnk7PG8NAoEYyFNI9rOFF/d+QoUcWCpjJBeqBmvUL8z+tlOr70c8rTTBOOp4PijEEtYJERjKgkWLORIQhLanaFeIAkwtokWTUhuLMnz5P2ad116u7dWa1xVcZRAfvgABwBF1yABrgFTdACGDyCZ/AK3qwn68V6tz6mpQtW2bMH/sD6/AGRMJ7v</latexit><latexit sha1_base64="obTF7OsTc1LRTzWXEV8O+KJBEK4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgutCSiKC6k4MZlBfuAJoTJZNIOncyEmYlQQr/Cjb/ixoUibsWdf+OkzUJbDwxzOOde7r0nTBlV2nG+rYXFpeWV1cpadX1jc2vb3tltK5FJTFpYMCG7IVKEUU5ammpGuqkkKAkZ6YTDm8LvPBCpqOD3epQSP0F9TmOKkTZSYJ/kXihYpEaJ+aAnB2IMr+G5dzyvBw4M7JpTdyaA88QtSQ2UaAb2lxcJnCWEa8yQUj3XSbWfI6kpZmRc9TJFUoSHqE96hnKUEOXnk7PG8NAoEYyFNI9rOFF/d+QoUcWCpjJBeqBmvUL8z+tlOr70c8rTTBOOp4PijEEtYJERjKgkWLORIQhLanaFeIAkwtokWTUhuLMnz5P2ad116u7dWa1xVcZRAfvgABwBF1yABrgFTdACGDyCZ/AK3qwn68V6tz6mpQtW2bMH/sD6/AGRMJ7v</latexit><latexit sha1_base64="obTF7OsTc1LRTzWXEV8O+KJBEK4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgutCSiKC6k4MZlBfuAJoTJZNIOncyEmYlQQr/Cjb/ixoUibsWdf+OkzUJbDwxzOOde7r0nTBlV2nG+rYXFpeWV1cpadX1jc2vb3tltK5FJTFpYMCG7IVKEUU5ammpGuqkkKAkZ6YTDm8LvPBCpqOD3epQSP0F9TmOKkTZSYJ/kXihYpEaJ+aAnB2IMr+G5dzyvBw4M7JpTdyaA88QtSQ2UaAb2lxcJnCWEa8yQUj3XSbWfI6kpZmRc9TJFUoSHqE96hnKUEOXnk7PG8NAoEYyFNI9rOFF/d+QoUcWCpjJBeqBmvUL8z+tlOr70c8rTTBOOp4PijEEtYJERjKgkWLORIQhLanaFeIAkwtokWTUhuLMnz5P2ad116u7dWa1xVcZRAfvgABwBF1yABrgFTdACGDyCZ/AK3qwn68V6tz6mpQtW2bMH/sD6/AGRMJ7v</latexit>
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1� 2 ⇢0
<latexit sha1_base64="HH7a0RZnY0zIjCtSqmmonqiXyis=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcKElKYIui25cVrAXaEKYTCft0MkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knClt299WaW19Y3OrvF3Z2d3bP6ge1roqTiWhHRLzWPYDrChngnY005z2E0lxFHDaCya3s3rvkUrFYvGgpwn1IjwSLGQEa2P51VrmBiFyLprIPXflOPbt3K/W7YY9F1oFp4A6FGr71S93GJM0okITjpUaOHaivQxLzQinecVNFU0wmeARHRgUOKLKy+a35+jUOEMUxtI8odHc/T2R4UipaRSYzgjrsVquzcz/aoNUh9dexkSSairIYlGYcqRjNAsCDZmkRPOpAUwkM7ciMsYSE23iqpgQnOUvr0K32XAM31/WWzdFHGU4hhM4AweuoAV30IYOEHiCZ3iFNyu3Xqx362PRWrKKmSP4I+vzB95jkwc=</latexit><latexit sha1_base64="HH7a0RZnY0zIjCtSqmmonqiXyis=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcKElKYIui25cVrAXaEKYTCft0MkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knClt299WaW19Y3OrvF3Z2d3bP6ge1roqTiWhHRLzWPYDrChngnY005z2E0lxFHDaCya3s3rvkUrFYvGgpwn1IjwSLGQEa2P51VrmBiFyLprIPXflOPbt3K/W7YY9F1oFp4A6FGr71S93GJM0okITjpUaOHaivQxLzQinecVNFU0wmeARHRgUOKLKy+a35+jUOEMUxtI8odHc/T2R4UipaRSYzgjrsVquzcz/aoNUh9dexkSSairIYlGYcqRjNAsCDZmkRPOpAUwkM7ciMsYSE23iqpgQnOUvr0K32XAM31/WWzdFHGU4hhM4AweuoAV30IYOEHiCZ3iFNyu3Xqx362PRWrKKmSP4I+vzB95jkwc=</latexit><latexit sha1_base64="HH7a0RZnY0zIjCtSqmmonqiXyis=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcKElKYIui25cVrAXaEKYTCft0MkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knClt299WaW19Y3OrvF3Z2d3bP6ge1roqTiWhHRLzWPYDrChngnY005z2E0lxFHDaCya3s3rvkUrFYvGgpwn1IjwSLGQEa2P51VrmBiFyLprIPXflOPbt3K/W7YY9F1oFp4A6FGr71S93GJM0okITjpUaOHaivQxLzQinecVNFU0wmeARHRgUOKLKy+a35+jUOEMUxtI8odHc/T2R4UipaRSYzgjrsVquzcz/aoNUh9dexkSSairIYlGYcqRjNAsCDZmkRPOpAUwkM7ciMsYSE23iqpgQnOUvr0K32XAM31/WWzdFHGU4hhM4AweuoAV30IYOEHiCZ3iFNyu3Xqx362PRWrKKmSP4I+vzB95jkwc=</latexit><latexit sha1_base64="HH7a0RZnY0zIjCtSqmmonqiXyis=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcKElKYIui25cVrAXaEKYTCft0MkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knClt299WaW19Y3OrvF3Z2d3bP6ge1roqTiWhHRLzWPYDrChngnY005z2E0lxFHDaCya3s3rvkUrFYvGgpwn1IjwSLGQEa2P51VrmBiFyLprIPXflOPbt3K/W7YY9F1oFp4A6FGr71S93GJM0okITjpUaOHaivQxLzQinecVNFU0wmeARHRgUOKLKy+a35+jUOEMUxtI8odHc/T2R4UipaRSYzgjrsVquzcz/aoNUh9dexkSSairIYlGYcqRjNAsCDZmkRPOpAUwkM7ciMsYSE23iqpgQnOUvr0K32XAM31/WWzdFHGU4hhM4AweuoAV30IYOEHiCZ3iFNyu3Xqx362PRWrKKmSP4I+vzB95jkwc=</latexit>

⇠ 5 ⇢0
<latexit sha1_base64="nOcUcGGyTxEMDYZumJ8AeCI4o+E=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1ISUXRZdOOygr1AE8JkOmmHziXMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5wyqo3nfTsrq2vrG5uVrer2zu7evntw2NEyU5i0sWRS9WKkCaOCtA01jPRSRRCPGenG49tpvftIlKZSPJg8JSFHQ0ETipGxVuTWiiBOYKApvwzOAjWSkTeJ3LrX8GaCy+CXUAelWpH7FQwkzjgRBjOkdd/3UhMWSBmKGZlUg0yTFOExGpK+RYE40WExO34CT6wzgIlU9gkDZ+7viQJxrXMe206OzEgv1qbmf7V+ZpLrsKAizQwReL4oyRg0Ek6TgAOqCDYst4CwovZWiEdIIWxsXlUbgr/45WXonDd8y/cX9eZNGUcFHIFjcAp8cAWa4A60QBtgkINn8ArenCfnxXl3PuatK045UwN/5Hz+ANZwlDs=</latexit><latexit sha1_base64="nOcUcGGyTxEMDYZumJ8AeCI4o+E=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1ISUXRZdOOygr1AE8JkOmmHziXMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5wyqo3nfTsrq2vrG5uVrer2zu7evntw2NEyU5i0sWRS9WKkCaOCtA01jPRSRRCPGenG49tpvftIlKZSPJg8JSFHQ0ETipGxVuTWiiBOYKApvwzOAjWSkTeJ3LrX8GaCy+CXUAelWpH7FQwkzjgRBjOkdd/3UhMWSBmKGZlUg0yTFOExGpK+RYE40WExO34CT6wzgIlU9gkDZ+7viQJxrXMe206OzEgv1qbmf7V+ZpLrsKAizQwReL4oyRg0Ek6TgAOqCDYst4CwovZWiEdIIWxsXlUbgr/45WXonDd8y/cX9eZNGUcFHIFjcAp8cAWa4A60QBtgkINn8ArenCfnxXl3PuatK045UwN/5Hz+ANZwlDs=</latexit><latexit sha1_base64="nOcUcGGyTxEMDYZumJ8AeCI4o+E=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1ISUXRZdOOygr1AE8JkOmmHziXMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5wyqo3nfTsrq2vrG5uVrer2zu7evntw2NEyU5i0sWRS9WKkCaOCtA01jPRSRRCPGenG49tpvftIlKZSPJg8JSFHQ0ETipGxVuTWiiBOYKApvwzOAjWSkTeJ3LrX8GaCy+CXUAelWpH7FQwkzjgRBjOkdd/3UhMWSBmKGZlUg0yTFOExGpK+RYE40WExO34CT6wzgIlU9gkDZ+7viQJxrXMe206OzEgv1qbmf7V+ZpLrsKAizQwReL4oyRg0Ek6TgAOqCDYst4CwovZWiEdIIWxsXlUbgr/45WXonDd8y/cX9eZNGUcFHIFjcAp8cAWa4A60QBtgkINn8ArenCfnxXl3PuatK045UwN/5Hz+ANZwlDs=</latexit><latexit sha1_base64="nOcUcGGyTxEMDYZumJ8AeCI4o+E=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1ISUXRZdOOygr1AE8JkOmmHziXMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5wyqo3nfTsrq2vrG5uVrer2zu7evntw2NEyU5i0sWRS9WKkCaOCtA01jPRSRRCPGenG49tpvftIlKZSPJg8JSFHQ0ETipGxVuTWiiBOYKApvwzOAjWSkTeJ3LrX8GaCy+CXUAelWpH7FQwkzjgRBjOkdd/3UhMWSBmKGZlUg0yTFOExGpK+RYE40WExO34CT6wzgIlU9gkDZ+7viQJxrXMe206OzEgv1qbmf7V+ZpLrsKAizQwReL4oyRg0Ek6TgAOqCDYst4CwovZWiEdIIWxsXlUbgr/45WXonDd8y/cX9eZNGUcFHIFjcAp8cAWa4A60QBtgkINn8ArenCfnxXl3PuatK045UwN/5Hz+ANZwlDs=</latexit>

nucleons

pions

⇠ 10 ⇢0
<latexit sha1_base64="spBVdRXCV7Z893f+2wT9jNVkG+w=">AAAB/nicbZDLSgMxFIbP1Futt6q4chMsggspMyLosujGZQV7gc4wZNJMG5pMhiQjlKHgq7hxoYhbn8Odb2PazkJbfwh8/OcczskfpZxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUoS0iuVTdCGvKWUJbhhlOu6miWEScdqLR7bTeeaRKM5k8mHFKA4EHCYsZwcZaYfUo96MY+ZoJ5Ln+ua+GMnQnYbXm1t2Z0DJ4BdSgUDOsfvl9STJBE0M41rrnuakJcqwMI5xOKn6maYrJCA9oz2KCBdVBPjt/gk6t00exVPYlBs3c3xM5FlqPRWQ7BTZDvVibmv/VepmJr4OcJWlmaELmi+KMIyPRNAvUZ4oSw8cWMFHM3orIECtMjE2sYkPwFr+8DO2Lumf5/rLWuCniKMMxnMAZeHAFDbiDJrSAQA7P8ApvzpPz4rw7H/PWklPMHMIfOZ8/neSUmw==</latexit><latexit sha1_base64="spBVdRXCV7Z893f+2wT9jNVkG+w=">AAAB/nicbZDLSgMxFIbP1Futt6q4chMsggspMyLosujGZQV7gc4wZNJMG5pMhiQjlKHgq7hxoYhbn8Odb2PazkJbfwh8/OcczskfpZxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUoS0iuVTdCGvKWUJbhhlOu6miWEScdqLR7bTeeaRKM5k8mHFKA4EHCYsZwcZaYfUo96MY+ZoJ5Ln+ua+GMnQnYbXm1t2Z0DJ4BdSgUDOsfvl9STJBE0M41rrnuakJcqwMI5xOKn6maYrJCA9oz2KCBdVBPjt/gk6t00exVPYlBs3c3xM5FlqPRWQ7BTZDvVibmv/VepmJr4OcJWlmaELmi+KMIyPRNAvUZ4oSw8cWMFHM3orIECtMjE2sYkPwFr+8DO2Lumf5/rLWuCniKMMxnMAZeHAFDbiDJrSAQA7P8ApvzpPz4rw7H/PWklPMHMIfOZ8/neSUmw==</latexit><latexit sha1_base64="spBVdRXCV7Z893f+2wT9jNVkG+w=">AAAB/nicbZDLSgMxFIbP1Futt6q4chMsggspMyLosujGZQV7gc4wZNJMG5pMhiQjlKHgq7hxoYhbn8Odb2PazkJbfwh8/OcczskfpZxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUoS0iuVTdCGvKWUJbhhlOu6miWEScdqLR7bTeeaRKM5k8mHFKA4EHCYsZwcZaYfUo96MY+ZoJ5Ln+ua+GMnQnYbXm1t2Z0DJ4BdSgUDOsfvl9STJBE0M41rrnuakJcqwMI5xOKn6maYrJCA9oz2KCBdVBPjt/gk6t00exVPYlBs3c3xM5FlqPRWQ7BTZDvVibmv/VepmJr4OcJWlmaELmi+KMIyPRNAvUZ4oSw8cWMFHM3orIECtMjE2sYkPwFr+8DO2Lumf5/rLWuCniKMMxnMAZeHAFDbiDJrSAQA7P8ApvzpPz4rw7H/PWklPMHMIfOZ8/neSUmw==</latexit><latexit sha1_base64="spBVdRXCV7Z893f+2wT9jNVkG+w=">AAAB/nicbZDLSgMxFIbP1Futt6q4chMsggspMyLosujGZQV7gc4wZNJMG5pMhiQjlKHgq7hxoYhbn8Odb2PazkJbfwh8/OcczskfpZxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUoS0iuVTdCGvKWUJbhhlOu6miWEScdqLR7bTeeaRKM5k8mHFKA4EHCYsZwcZaYfUo96MY+ZoJ5Ln+ua+GMnQnYbXm1t2Z0DJ4BdSgUDOsfvl9STJBE0M41rrnuakJcqwMI5xOKn6maYrJCA9oz2KCBdVBPjt/gk6t00exVPYlBs3c3xM5FlqPRWQ7BTZDvVibmv/VepmJr4OcJWlmaELmi+KMIyPRNAvUZ4oSw8cWMFHM3orIECtMjE2sYkPwFr+8DO2Lumf5/rLWuCniKMMxnMAZeHAFDbiDJrSAQA7P8ApvzpPz4rw7H/PWklPMHMIfOZ8/neSUmw==</latexit>
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nuclear matter compressed  
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⇠ 100 ⇢0
<latexit sha1_base64="8FJKs3WjneEyXtBVEWqDX046ok0=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBdSMiLosujGZQVbC52hZNJMG5rLkGSEMnbhq7hxoYhbX8Odb2PazkJbfwh8/Occzskfp5wZi9C3V1paXlldK69XNja3tnf83b2WUZkmtEkUV7odY0M5k7RpmeW0nWqKRczpfTy8ntTvH6g2TMk7O0ppJHBfsoQRbJ3V9Q/yME5gaJiAAULhaagHqovGXb+KamgquAhBAVVQqNH1v8KeIpmg0hKOjekEKLVRjrVlhNNxJcwMTTEZ4j7tOJRYUBPl0/vH8Ng5PZgo7Z60cOr+nsixMGYkYtcpsB2Y+drE/K/WyWxyGeVMppmlkswWJRmHVsFJGLDHNCWWjxxgopm7FZIB1phYF1nFhRDMf3kRWme1wPHtebV+VcRRBofgCJyAAFyAOrgBDdAEBDyCZ/AK3rwn78V79z5mrSWvmNkHf+R9/gARc5TV</latexit><latexit sha1_base64="8FJKs3WjneEyXtBVEWqDX046ok0=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBdSMiLosujGZQVbC52hZNJMG5rLkGSEMnbhq7hxoYhbX8Odb2PazkJbfwh8/Occzskfp5wZi9C3V1paXlldK69XNja3tnf83b2WUZkmtEkUV7odY0M5k7RpmeW0nWqKRczpfTy8ntTvH6g2TMk7O0ppJHBfsoQRbJ3V9Q/yME5gaJiAAULhaagHqovGXb+KamgquAhBAVVQqNH1v8KeIpmg0hKOjekEKLVRjrVlhNNxJcwMTTEZ4j7tOJRYUBPl0/vH8Ng5PZgo7Z60cOr+nsixMGYkYtcpsB2Y+drE/K/WyWxyGeVMppmlkswWJRmHVsFJGLDHNCWWjxxgopm7FZIB1phYF1nFhRDMf3kRWme1wPHtebV+VcRRBofgCJyAAFyAOrgBDdAEBDyCZ/AK3rwn78V79z5mrSWvmNkHf+R9/gARc5TV</latexit><latexit sha1_base64="8FJKs3WjneEyXtBVEWqDX046ok0=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBdSMiLosujGZQVbC52hZNJMG5rLkGSEMnbhq7hxoYhbX8Odb2PazkJbfwh8/Occzskfp5wZi9C3V1paXlldK69XNja3tnf83b2WUZkmtEkUV7odY0M5k7RpmeW0nWqKRczpfTy8ntTvH6g2TMk7O0ppJHBfsoQRbJ3V9Q/yME5gaJiAAULhaagHqovGXb+KamgquAhBAVVQqNH1v8KeIpmg0hKOjekEKLVRjrVlhNNxJcwMTTEZ4j7tOJRYUBPl0/vH8Ng5PZgo7Z60cOr+nsixMGYkYtcpsB2Y+drE/K/WyWxyGeVMppmlkswWJRmHVsFJGLDHNCWWjxxgopm7FZIB1phYF1nFhRDMf3kRWme1wPHtebV+VcRRBofgCJyAAFyAOrgBDdAEBDyCZ/AK3rwn78V79z5mrSWvmNkHf+R9/gARc5TV</latexit><latexit sha1_base64="8FJKs3WjneEyXtBVEWqDX046ok0=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBdSMiLosujGZQVbC52hZNJMG5rLkGSEMnbhq7hxoYhbX8Odb2PazkJbfwh8/Occzskfp5wZi9C3V1paXlldK69XNja3tnf83b2WUZkmtEkUV7odY0M5k7RpmeW0nWqKRczpfTy8ntTvH6g2TMk7O0ppJHBfsoQRbJ3V9Q/yME5gaJiAAULhaagHqovGXb+KamgquAhBAVVQqNH1v8KeIpmg0hKOjekEKLVRjrVlhNNxJcwMTTEZ4j7tOJRYUBPl0/vH8Ng5PZgo7Z60cOr+nsixMGYkYtcpsB2Y+drE/K/WyWxyGeVMppmlkswWJRmHVsFJGLDHNCWWjxxgopm7FZIB1phYF1nFhRDMf3kRWme1wPHtebV+VcRRBofgCJyAAFyAOrgBDdAEBDyCZ/AK3rwn78V79z5mrSWvmNkHf+R9/gARc5TV</latexit>

. ..
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.
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pQCD

baryon density

1� 2 ⇢0
<latexit sha1_base64="HH7a0RZnY0zIjCtSqmmonqiXyis=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcKElKYIui25cVrAXaEKYTCft0MkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knClt299WaW19Y3OrvF3Z2d3bP6ge1roqTiWhHRLzWPYDrChngnY005z2E0lxFHDaCya3s3rvkUrFYvGgpwn1IjwSLGQEa2P51VrmBiFyLprIPXflOPbt3K/W7YY9F1oFp4A6FGr71S93GJM0okITjpUaOHaivQxLzQinecVNFU0wmeARHRgUOKLKy+a35+jUOEMUxtI8odHc/T2R4UipaRSYzgjrsVquzcz/aoNUh9dexkSSairIYlGYcqRjNAsCDZmkRPOpAUwkM7ciMsYSE23iqpgQnOUvr0K32XAM31/WWzdFHGU4hhM4AweuoAV30IYOEHiCZ3iFNyu3Xqx362PRWrKKmSP4I+vzB95jkwc=</latexit><latexit sha1_base64="HH7a0RZnY0zIjCtSqmmonqiXyis=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcKElKYIui25cVrAXaEKYTCft0MkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knClt299WaW19Y3OrvF3Z2d3bP6ge1roqTiWhHRLzWPYDrChngnY005z2E0lxFHDaCya3s3rvkUrFYvGgpwn1IjwSLGQEa2P51VrmBiFyLprIPXflOPbt3K/W7YY9F1oFp4A6FGr71S93GJM0okITjpUaOHaivQxLzQinecVNFU0wmeARHRgUOKLKy+a35+jUOEMUxtI8odHc/T2R4UipaRSYzgjrsVquzcz/aoNUh9dexkSSairIYlGYcqRjNAsCDZmkRPOpAUwkM7ciMsYSE23iqpgQnOUvr0K32XAM31/WWzdFHGU4hhM4AweuoAV30IYOEHiCZ3iFNyu3Xqx362PRWrKKmSP4I+vzB95jkwc=</latexit><latexit sha1_base64="HH7a0RZnY0zIjCtSqmmonqiXyis=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcKElKYIui25cVrAXaEKYTCft0MkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knClt299WaW19Y3OrvF3Z2d3bP6ge1roqTiWhHRLzWPYDrChngnY005z2E0lxFHDaCya3s3rvkUrFYvGgpwn1IjwSLGQEa2P51VrmBiFyLprIPXflOPbt3K/W7YY9F1oFp4A6FGr71S93GJM0okITjpUaOHaivQxLzQinecVNFU0wmeARHRgUOKLKy+a35+jUOEMUxtI8odHc/T2R4UipaRSYzgjrsVquzcz/aoNUh9dexkSSairIYlGYcqRjNAsCDZmkRPOpAUwkM7ciMsYSE23iqpgQnOUvr0K32XAM31/WWzdFHGU4hhM4AweuoAV30IYOEHiCZ3iFNyu3Xqx362PRWrKKmSP4I+vzB95jkwc=</latexit><latexit sha1_base64="HH7a0RZnY0zIjCtSqmmonqiXyis=">AAAB+3icbZDLSsNAFIZP6q3WW61LN4NFcKElKYIui25cVrAXaEKYTCft0MkkzEzEEvIqblwo4tYXcefbOG2z0NYfBj7+cw7nzB8knClt299WaW19Y3OrvF3Z2d3bP6ge1roqTiWhHRLzWPYDrChngnY005z2E0lxFHDaCya3s3rvkUrFYvGgpwn1IjwSLGQEa2P51VrmBiFyLprIPXflOPbt3K/W7YY9F1oFp4A6FGr71S93GJM0okITjpUaOHaivQxLzQinecVNFU0wmeARHRgUOKLKy+a35+jUOEMUxtI8odHc/T2R4UipaRSYzgjrsVquzcz/aoNUh9dexkSSairIYlGYcqRjNAsCDZmkRPOpAUwkM7ciMsYSE23iqpgQnOUvr0K32XAM31/WWzdFHGU4hhM4AweuoAV30IYOEHiCZ3iFNyu3Xqx362PRWrKKmSP4I+vzB95jkwc=</latexit>

⇠ 5 ⇢0
<latexit sha1_base64="nOcUcGGyTxEMDYZumJ8AeCI4o+E=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1ISUXRZdOOygr1AE8JkOmmHziXMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5wyqo3nfTsrq2vrG5uVrer2zu7evntw2NEyU5i0sWRS9WKkCaOCtA01jPRSRRCPGenG49tpvftIlKZSPJg8JSFHQ0ETipGxVuTWiiBOYKApvwzOAjWSkTeJ3LrX8GaCy+CXUAelWpH7FQwkzjgRBjOkdd/3UhMWSBmKGZlUg0yTFOExGpK+RYE40WExO34CT6wzgIlU9gkDZ+7viQJxrXMe206OzEgv1qbmf7V+ZpLrsKAizQwReL4oyRg0Ek6TgAOqCDYst4CwovZWiEdIIWxsXlUbgr/45WXonDd8y/cX9eZNGUcFHIFjcAp8cAWa4A60QBtgkINn8ArenCfnxXl3PuatK045UwN/5Hz+ANZwlDs=</latexit><latexit sha1_base64="nOcUcGGyTxEMDYZumJ8AeCI4o+E=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1ISUXRZdOOygr1AE8JkOmmHziXMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5wyqo3nfTsrq2vrG5uVrer2zu7evntw2NEyU5i0sWRS9WKkCaOCtA01jPRSRRCPGenG49tpvftIlKZSPJg8JSFHQ0ETipGxVuTWiiBOYKApvwzOAjWSkTeJ3LrX8GaCy+CXUAelWpH7FQwkzjgRBjOkdd/3UhMWSBmKGZlUg0yTFOExGpK+RYE40WExO34CT6wzgIlU9gkDZ+7viQJxrXMe206OzEgv1qbmf7V+ZpLrsKAizQwReL4oyRg0Ek6TgAOqCDYst4CwovZWiEdIIWxsXlUbgr/45WXonDd8y/cX9eZNGUcFHIFjcAp8cAWa4A60QBtgkINn8ArenCfnxXl3PuatK045UwN/5Hz+ANZwlDs=</latexit><latexit sha1_base64="nOcUcGGyTxEMDYZumJ8AeCI4o+E=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1ISUXRZdOOygr1AE8JkOmmHziXMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5wyqo3nfTsrq2vrG5uVrer2zu7evntw2NEyU5i0sWRS9WKkCaOCtA01jPRSRRCPGenG49tpvftIlKZSPJg8JSFHQ0ETipGxVuTWiiBOYKApvwzOAjWSkTeJ3LrX8GaCy+CXUAelWpH7FQwkzjgRBjOkdd/3UhMWSBmKGZlUg0yTFOExGpK+RYE40WExO34CT6wzgIlU9gkDZ+7viQJxrXMe206OzEgv1qbmf7V+ZpLrsKAizQwReL4oyRg0Ek6TgAOqCDYst4CwovZWiEdIIWxsXlUbgr/45WXonDd8y/cX9eZNGUcFHIFjcAp8cAWa4A60QBtgkINn8ArenCfnxXl3PuatK045UwN/5Hz+ANZwlDs=</latexit><latexit sha1_base64="nOcUcGGyTxEMDYZumJ8AeCI4o+E=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEF1ISUXRZdOOygr1AE8JkOmmHziXMTIQQ6qu4caGIWx/EnW/jtM1CW38Y+PjPOZwzf5wyqo3nfTsrq2vrG5uVrer2zu7evntw2NEyU5i0sWRS9WKkCaOCtA01jPRSRRCPGenG49tpvftIlKZSPJg8JSFHQ0ETipGxVuTWiiBOYKApvwzOAjWSkTeJ3LrX8GaCy+CXUAelWpH7FQwkzjgRBjOkdd/3UhMWSBmKGZlUg0yTFOExGpK+RYE40WExO34CT6wzgIlU9gkDZ+7viQJxrXMe206OzEgv1qbmf7V+ZpLrsKAizQwReL4oyRg0Ek6TgAOqCDYst4CwovZWiEdIIWxsXlUbgr/45WXonDd8y/cX9eZNGUcFHIFjcAp8cAWa4A60QBtgkINn8ArenCfnxXl3PuatK045UwN/5Hz+ANZwlDs=</latexit>

⇠ 10 ⇢0
<latexit sha1_base64="spBVdRXCV7Z893f+2wT9jNVkG+w=">AAAB/nicbZDLSgMxFIbP1Futt6q4chMsggspMyLosujGZQV7gc4wZNJMG5pMhiQjlKHgq7hxoYhbn8Odb2PazkJbfwh8/OcczskfpZxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUoS0iuVTdCGvKWUJbhhlOu6miWEScdqLR7bTeeaRKM5k8mHFKA4EHCYsZwcZaYfUo96MY+ZoJ5Ln+ua+GMnQnYbXm1t2Z0DJ4BdSgUDOsfvl9STJBE0M41rrnuakJcqwMI5xOKn6maYrJCA9oz2KCBdVBPjt/gk6t00exVPYlBs3c3xM5FlqPRWQ7BTZDvVibmv/VepmJr4OcJWlmaELmi+KMIyPRNAvUZ4oSw8cWMFHM3orIECtMjE2sYkPwFr+8DO2Lumf5/rLWuCniKMMxnMAZeHAFDbiDJrSAQA7P8ApvzpPz4rw7H/PWklPMHMIfOZ8/neSUmw==</latexit><latexit sha1_base64="spBVdRXCV7Z893f+2wT9jNVkG+w=">AAAB/nicbZDLSgMxFIbP1Futt6q4chMsggspMyLosujGZQV7gc4wZNJMG5pMhiQjlKHgq7hxoYhbn8Odb2PazkJbfwh8/OcczskfpZxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUoS0iuVTdCGvKWUJbhhlOu6miWEScdqLR7bTeeaRKM5k8mHFKA4EHCYsZwcZaYfUo96MY+ZoJ5Ln+ua+GMnQnYbXm1t2Z0DJ4BdSgUDOsfvl9STJBE0M41rrnuakJcqwMI5xOKn6maYrJCA9oz2KCBdVBPjt/gk6t00exVPYlBs3c3xM5FlqPRWQ7BTZDvVibmv/VepmJr4OcJWlmaELmi+KMIyPRNAvUZ4oSw8cWMFHM3orIECtMjE2sYkPwFr+8DO2Lumf5/rLWuCniKMMxnMAZeHAFDbiDJrSAQA7P8ApvzpPz4rw7H/PWklPMHMIfOZ8/neSUmw==</latexit><latexit sha1_base64="spBVdRXCV7Z893f+2wT9jNVkG+w=">AAAB/nicbZDLSgMxFIbP1Futt6q4chMsggspMyLosujGZQV7gc4wZNJMG5pMhiQjlKHgq7hxoYhbn8Odb2PazkJbfwh8/OcczskfpZxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUoS0iuVTdCGvKWUJbhhlOu6miWEScdqLR7bTeeaRKM5k8mHFKA4EHCYsZwcZaYfUo96MY+ZoJ5Ln+ua+GMnQnYbXm1t2Z0DJ4BdSgUDOsfvl9STJBE0M41rrnuakJcqwMI5xOKn6maYrJCA9oz2KCBdVBPjt/gk6t00exVPYlBs3c3xM5FlqPRWQ7BTZDvVibmv/VepmJr4OcJWlmaELmi+KMIyPRNAvUZ4oSw8cWMFHM3orIECtMjE2sYkPwFr+8DO2Lumf5/rLWuCniKMMxnMAZeHAFDbiDJrSAQA7P8ApvzpPz4rw7H/PWklPMHMIfOZ8/neSUmw==</latexit><latexit sha1_base64="spBVdRXCV7Z893f+2wT9jNVkG+w=">AAAB/nicbZDLSgMxFIbP1Futt6q4chMsggspMyLosujGZQV7gc4wZNJMG5pMhiQjlKHgq7hxoYhbn8Odb2PazkJbfwh8/OcczskfpZxp47rfTmlldW19o7xZ2dre2d2r7h+0tcwUoS0iuVTdCGvKWUJbhhlOu6miWEScdqLR7bTeeaRKM5k8mHFKA4EHCYsZwcZaYfUo96MY+ZoJ5Ln+ua+GMnQnYbXm1t2Z0DJ4BdSgUDOsfvl9STJBE0M41rrnuakJcqwMI5xOKn6maYrJCA9oz2KCBdVBPjt/gk6t00exVPYlBs3c3xM5FlqPRWQ7BTZDvVibmv/VepmJr4OcJWlmaELmi+KMIyPRNAvUZ4oSw8cWMFHM3orIECtMjE2sYkPwFr+8DO2Lumf5/rLWuCniKMMxnMAZeHAFDbiDJrSAQA7P8ApvzpPz4rw7H/PWklPMHMIfOZ8/neSUmw==</latexit>
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⇠ 100 ⇢0
<latexit sha1_base64="8FJKs3WjneEyXtBVEWqDX046ok0=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBdSMiLosujGZQVbC52hZNJMG5rLkGSEMnbhq7hxoYhbX8Odb2PazkJbfwh8/Occzskfp5wZi9C3V1paXlldK69XNja3tnf83b2WUZkmtEkUV7odY0M5k7RpmeW0nWqKRczpfTy8ntTvH6g2TMk7O0ppJHBfsoQRbJ3V9Q/yME5gaJiAAULhaagHqovGXb+KamgquAhBAVVQqNH1v8KeIpmg0hKOjekEKLVRjrVlhNNxJcwMTTEZ4j7tOJRYUBPl0/vH8Ng5PZgo7Z60cOr+nsixMGYkYtcpsB2Y+drE/K/WyWxyGeVMppmlkswWJRmHVsFJGLDHNCWWjxxgopm7FZIB1phYF1nFhRDMf3kRWme1wPHtebV+VcRRBofgCJyAAFyAOrgBDdAEBDyCZ/AK3rwn78V79z5mrSWvmNkHf+R9/gARc5TV</latexit><latexit sha1_base64="8FJKs3WjneEyXtBVEWqDX046ok0=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBdSMiLosujGZQVbC52hZNJMG5rLkGSEMnbhq7hxoYhbX8Odb2PazkJbfwh8/Occzskfp5wZi9C3V1paXlldK69XNja3tnf83b2WUZkmtEkUV7odY0M5k7RpmeW0nWqKRczpfTy8ntTvH6g2TMk7O0ppJHBfsoQRbJ3V9Q/yME5gaJiAAULhaagHqovGXb+KamgquAhBAVVQqNH1v8KeIpmg0hKOjekEKLVRjrVlhNNxJcwMTTEZ4j7tOJRYUBPl0/vH8Ng5PZgo7Z60cOr+nsixMGYkYtcpsB2Y+drE/K/WyWxyGeVMppmlkswWJRmHVsFJGLDHNCWWjxxgopm7FZIB1phYF1nFhRDMf3kRWme1wPHtebV+VcRRBofgCJyAAFyAOrgBDdAEBDyCZ/AK3rwn78V79z5mrSWvmNkHf+R9/gARc5TV</latexit><latexit sha1_base64="8FJKs3WjneEyXtBVEWqDX046ok0=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBdSMiLosujGZQVbC52hZNJMG5rLkGSEMnbhq7hxoYhbX8Odb2PazkJbfwh8/Occzskfp5wZi9C3V1paXlldK69XNja3tnf83b2WUZkmtEkUV7odY0M5k7RpmeW0nWqKRczpfTy8ntTvH6g2TMk7O0ppJHBfsoQRbJ3V9Q/yME5gaJiAAULhaagHqovGXb+KamgquAhBAVVQqNH1v8KeIpmg0hKOjekEKLVRjrVlhNNxJcwMTTEZ4j7tOJRYUBPl0/vH8Ng5PZgo7Z60cOr+nsixMGYkYtcpsB2Y+drE/K/WyWxyGeVMppmlkswWJRmHVsFJGLDHNCWWjxxgopm7FZIB1phYF1nFhRDMf3kRWme1wPHtebV+VcRRBofgCJyAAFyAOrgBDdAEBDyCZ/AK3rwn78V79z5mrSWvmNkHf+R9/gARc5TV</latexit><latexit sha1_base64="8FJKs3WjneEyXtBVEWqDX046ok0=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYBBdSMiLosujGZQVbC52hZNJMG5rLkGSEMnbhq7hxoYhbX8Odb2PazkJbfwh8/Occzskfp5wZi9C3V1paXlldK69XNja3tnf83b2WUZkmtEkUV7odY0M5k7RpmeW0nWqKRczpfTy8ntTvH6g2TMk7O0ppJHBfsoQRbJ3V9Q/yME5gaJiAAULhaagHqovGXb+KamgquAhBAVVQqNH1v8KeIpmg0hKOjekEKLVRjrVlhNNxJcwMTTEZ4j7tOJRYUBPl0/vH8Ng5PZgo7Z60cOr+nsixMGYkYtcpsB2Y+drE/K/WyWxyGeVMppmlkswWJRmHVsFJGLDHNCWWjxxgopm7FZIB1phYF1nFhRDMf3kRWme1wPHtebV+VcRRBofgCJyAAFyAOrgBDdAEBDyCZ/AK3rwn78V79z5mrSWvmNkHf+R9/gARc5TV</latexit>

pQCD

Nuclei Neutron Stars . . . and beyond

PICTORIAL SUMMARY :  COLD BARYONIC MATTER

baryon density(⇢0 = 0.16 fm�3)
<latexit sha1_base64="XssE5MiP+j9EHdKkOm7z/u6eHhY=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVNCSqKgboejGZQV7gSaGyXTSDp1kwsxEKCE7N76KGxeKuPUV3Pk2TtsstPWHgY//nMOZ8/sxo1JZ1rdRmJtfWFwqLpdWVtfWN8zNrabkicCkgTnjou0jSRiNSENRxUg7FgSFPiMtf3A9qrceiJCUR3dqGBM3RL2IBhQjpS3P3E0dP4AVR/S5Z8FLaFXtM+cwCO/To5PsIPPMslW1xoKzYOdQBrnqnvnldDlOQhIpzJCUHduKlZsioShmJCs5iSQxwgPUIx2NEQqJdNPxHRnc104XBlzoFyk4dn9PpCiUchj6ujNEqi+nayPzv1onUcGFm9IoThSJ8GRRkDCoOByFArtUEKzYUAPCguq/QtxHAmGloyvpEOzpk2eheVy1Nd+elmtXeRxFsAP2QAXY4BzUwA2ogwbA4BE8g1fwZjwZL8a78TFpLRj5zDb4I+PzByNOlus=</latexit><latexit sha1_base64="XssE5MiP+j9EHdKkOm7z/u6eHhY=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVNCSqKgboejGZQV7gSaGyXTSDp1kwsxEKCE7N76KGxeKuPUV3Pk2TtsstPWHgY//nMOZ8/sxo1JZ1rdRmJtfWFwqLpdWVtfWN8zNrabkicCkgTnjou0jSRiNSENRxUg7FgSFPiMtf3A9qrceiJCUR3dqGBM3RL2IBhQjpS3P3E0dP4AVR/S5Z8FLaFXtM+cwCO/To5PsIPPMslW1xoKzYOdQBrnqnvnldDlOQhIpzJCUHduKlZsioShmJCs5iSQxwgPUIx2NEQqJdNPxHRnc104XBlzoFyk4dn9PpCiUchj6ujNEqi+nayPzv1onUcGFm9IoThSJ8GRRkDCoOByFArtUEKzYUAPCguq/QtxHAmGloyvpEOzpk2eheVy1Nd+elmtXeRxFsAP2QAXY4BzUwA2ogwbA4BE8g1fwZjwZL8a78TFpLRj5zDb4I+PzByNOlus=</latexit><latexit sha1_base64="XssE5MiP+j9EHdKkOm7z/u6eHhY=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVNCSqKgboejGZQV7gSaGyXTSDp1kwsxEKCE7N76KGxeKuPUV3Pk2TtsstPWHgY//nMOZ8/sxo1JZ1rdRmJtfWFwqLpdWVtfWN8zNrabkicCkgTnjou0jSRiNSENRxUg7FgSFPiMtf3A9qrceiJCUR3dqGBM3RL2IBhQjpS3P3E0dP4AVR/S5Z8FLaFXtM+cwCO/To5PsIPPMslW1xoKzYOdQBrnqnvnldDlOQhIpzJCUHduKlZsioShmJCs5iSQxwgPUIx2NEQqJdNPxHRnc104XBlzoFyk4dn9PpCiUchj6ujNEqi+nayPzv1onUcGFm9IoThSJ8GRRkDCoOByFArtUEKzYUAPCguq/QtxHAmGloyvpEOzpk2eheVy1Nd+elmtXeRxFsAP2QAXY4BzUwA2ogwbA4BE8g1fwZjwZL8a78TFpLRj5zDb4I+PzByNOlus=</latexit><latexit sha1_base64="XssE5MiP+j9EHdKkOm7z/u6eHhY=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiVNCSqKgboejGZQV7gSaGyXTSDp1kwsxEKCE7N76KGxeKuPUV3Pk2TtsstPWHgY//nMOZ8/sxo1JZ1rdRmJtfWFwqLpdWVtfWN8zNrabkicCkgTnjou0jSRiNSENRxUg7FgSFPiMtf3A9qrceiJCUR3dqGBM3RL2IBhQjpS3P3E0dP4AVR/S5Z8FLaFXtM+cwCO/To5PsIPPMslW1xoKzYOdQBrnqnvnldDlOQhIpzJCUHduKlZsioShmJCs5iSQxwgPUIx2NEQqJdNPxHRnc104XBlzoFyk4dn9PpCiUchj6ujNEqi+nayPzv1onUcGFm9IoThSJ8GRRkDCoOByFArtUEKzYUAPCguq/QtxHAmGloyvpEOzpk2eheVy1Nd+elmtXeRxFsAP2QAXY4BzUwA2ogwbA4BE8g1fwZjwZL8a78TFpLRj5zDb4I+PzByNOlus=</latexit>

FERMI LIQUID hadron - quark continuity ?
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<latexit sha1_base64="4FryczucyZtUeuNcPKVBqQ9Vsgs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUwmk3bozCTMTIQSght/xY0LRdz6Fe78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6Cnkkxi0sUJS+QgRIowKkhXU83IIJUE8ZCRfji5Kf3+A5GKJuJeT1PiczQSNKYYaSMF9lHuhQmL1JSbD3o8C4wQQ1EUgd10Ws4McJm4FWmCCp3A/vKiBGecCI0ZUmroOqn2cyQ1xYwUDS9TJEV4gkZkaKhAnCg/n51QwFOjRDBOpHlCw5n6uyNHXJVLmkqO9FgteqX4nzfMdHzl51SkmSYCzwfFGYM6gWUeMKKSYM2mhiAsqdkV4jGSCGuTWsOE4C6evEx65y3Xabl3F832dRVHHRyDE3AGXHAJ2uAWdEAXYPAInsEreLOerBfr3fqYl9asqucQ/IH1+QOtppeX</latexit><latexit sha1_base64="4FryczucyZtUeuNcPKVBqQ9Vsgs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUwmk3bozCTMTIQSght/xY0LRdz6Fe78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6Cnkkxi0sUJS+QgRIowKkhXU83IIJUE8ZCRfji5Kf3+A5GKJuJeT1PiczQSNKYYaSMF9lHuhQmL1JSbD3o8C4wQQ1EUgd10Ws4McJm4FWmCCp3A/vKiBGecCI0ZUmroOqn2cyQ1xYwUDS9TJEV4gkZkaKhAnCg/n51QwFOjRDBOpHlCw5n6uyNHXJVLmkqO9FgteqX4nzfMdHzl51SkmSYCzwfFGYM6gWUeMKKSYM2mhiAsqdkV4jGSCGuTWsOE4C6evEx65y3Xabl3F832dRVHHRyDE3AGXHAJ2uAWdEAXYPAInsEreLOerBfr3fqYl9asqucQ/IH1+QOtppeX</latexit><latexit sha1_base64="4FryczucyZtUeuNcPKVBqQ9Vsgs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUwmk3bozCTMTIQSght/xY0LRdz6Fe78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6Cnkkxi0sUJS+QgRIowKkhXU83IIJUE8ZCRfji5Kf3+A5GKJuJeT1PiczQSNKYYaSMF9lHuhQmL1JSbD3o8C4wQQ1EUgd10Ws4McJm4FWmCCp3A/vKiBGecCI0ZUmroOqn2cyQ1xYwUDS9TJEV4gkZkaKhAnCg/n51QwFOjRDBOpHlCw5n6uyNHXJVLmkqO9FgteqX4nzfMdHzl51SkmSYCzwfFGYM6gWUeMKKSYM2mhiAsqdkV4jGSCGuTWsOE4C6evEx65y3Xabl3F832dRVHHRyDE3AGXHAJ2uAWdEAXYPAInsEreLOerBfr3fqYl9asqucQ/IH1+QOtppeX</latexit><latexit sha1_base64="4FryczucyZtUeuNcPKVBqQ9Vsgs=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUwmk3bozCTMTIQSght/xY0LRdz6Fe78GydtFtp6YJjDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6Cnkkxi0sUJS+QgRIowKkhXU83IIJUE8ZCRfji5Kf3+A5GKJuJeT1PiczQSNKYYaSMF9lHuhQmL1JSbD3o8C4wQQ1EUgd10Ws4McJm4FWmCCp3A/vKiBGecCI0ZUmroOqn2cyQ1xYwUDS9TJEV4gkZkaKhAnCg/n51QwFOjRDBOpHlCw5n6uyNHXJVLmkqO9FgteqX4nzfMdHzl51SkmSYCzwfFGYM6gWUeMKKSYM2mhiAsqdkV4jGSCGuTWsOE4C6evEx65y3Xabl3F832dRVHHRyDE3AGXHAJ2uAWdEAXYPAInsEreLOerBfr3fqYl9asqucQ/IH1+QOtppeX</latexit>
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Outlook: Hyperons in Neutron Stars ?
Onset conditions for appearance of hyperons in neutron stars :

Extrapolations using hyperon single particle potentials 
in neutron matter from Chiral SU(3) EFT interactions

Equalities for chemical potentials 

µ⇤ = µn

⇤ ⌃�

µi =
@E
@⇢i

µ⌃� = µn + µe = 2µn � µp
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Extensive and more detailed calculations in progress (D. Gerstung,  N. Kaiser,  W. W. )


