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Symmetry in Subatomic Physics:  In Memory of Ernest Henley 
Organizers:  Mary Alberg, Wick Haxton, Jerry Miller and Larry McLerran 

Local Contact: Kimberlee Choe (jy24@uw.edu) 

 

There will be a 2-day “Symmetry in Subatomic Physics” symposium held at University of Washington in 

memory of Ernest Henley from September 10 to 11, 2018. This symposium is to honor Ernest Henley’s 

accomplishments as a scientist, academic, and compassionate human being. The meeting is jointly 

sponsored by the UW Physics department and the Institute for Nuclear Theory.  More details will follow 
in a later announcement. 
 

Ernest Henley spent most of his career in the Department of Physics at the University of Washington.  He 

was an internationally famous theoretical nuclear physics.  He also was a builder of institutions as a Chair 

of the Department of Physics, Dean of the College of Arts and Sciences, and a founder of the Institute for 

Nuclear Theory. 

 

To quote from Wikipedia: 

“Dr. Ernest Mark Henley (June 10, 1924 in Germany – March 27, 2017[1]) was an American atomic and 

nuclear physicist.[2] 

 

In 1944 Dr. Henley received a B.E.E. in Electrical Engineering from the City College of New York. From 1944 

to 1946, he served in the navy, decommissioning and repairing electrical equipment on ships. He worked 

at the Airborne Instruments Laboratory as an electrical engineer from 1946 to 1948. Between 1950 and 

1951 he worked at Stanford University, and received a Ph.D. from UC Berkeley in 1952. From 1952 to 1954, 

he was a Jewett Fellow and lecturer at Columbia University. In 1954, Dr. Henley accepted a faculty position 

at the University of Washington where he remained for his entire career, serving as Dean of the College of 

Arts and Sciences between 1979 and 1987. 

 

Over the course of his research career, Dr. Henley studied symmetries in nuclear physics.[3] In 1976 Dr. 

Henley calculated with Lawrence Wilets the effects on parity non-conservation in atomic physics.[4] From 

1979 to 1987 he was Dean of the College of Arts and Sciences there and Director of the Institute for 

Theoretical Nuclear Physics in 1990-1991. He has been Professor Emeritus since 1995.[5] He dedicated his 

retirement to teaching Physics at the University of Washington's Transition School and Early Entrance 

Program, the Robinson Center for Young Scholars.[6] In 2014 at the age of 90 (and much to the 

disappointment of his students) Dr. Henley retired from this position. 
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Ernest M. Henley

After short stints as a

research associate at

Stanford University and

lecturer at Columbia

University, Henley joined

the UW faculty in 1954 as

an assistant professor. He

was promoted to associate

professor in 1957 and full

professor in 1961. Before

becoming dean of the

College of Arts & Sciences,

Henley served as chair of

the UW Faculty Senate from

1971 to 1972 and chair of the Department of Physics from 1973

to 1976. Along with Wick Haxton, he was a central force in

building the UW Institute for Nuclear Theory and served as its

inaugural director from 1990 to 1991. Henley became a

professor emeritus in 1995.

“Ernest Henley was universally respected throughout the field of

physics as a man of creativity, honesty and great common

sense,” said UW physics professor Gerald Miller, one of Henley’s

longtime colleagues. “And around the UW campus, he was

known and celebrated for his warmth and integrity.”

Over the course of his research career, Henley studied

“symmetries” in nuclear physics. Symmetries are patterns in the

theories regarding the fundamental, physical interactions of our

universe. Henley and his contemporaries investigated the

properties of subatomic particles to understand when they

behave consistently with a given symmetry and when they do

not.

Henley’s work largely focused on three types of symmetry: time-

reversal, whether forces are the same forward and backward in

time; parity, whether a force or interaction is the same as its

mirror image; and isospin, how forces and masses of the
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Nuclear Physicist contributed to the Standard Model of Physics

April 19, 2017 | Rachel Gaal

Ernest M. Henley of the University of Washington passed away
on March 27, 2017 at age 92. Henley was involved with APS in
multiple ways during his career — he served as the chair of the
APS Division of Nuclear Sciences in 1979, and APS President in
1992.

Henley’s research focused on the subatomic scale to better
understand the fundamental, physical interactions of particles,
and why they behave in specific ways. Investigating symmetries
of forces, like time-reversal, parity (mirror forces), and isospin
(forces dependent on charge), his experiments uncovered
situations where subatomic particles violated these symmetries.

These experiments sparked new theories and experiments, all of
which contributed to the foundations of the standard model of
physics. For these fundamental studies, he was awarded the
APS Tom W. Bonner Prize in Nuclear Physics in 1989. Soon
after, Henley served as the APS President in 1992, and was
elected to the American Academy of Arts & Sciences in 1995.

Henley was also known as a leader at the University of
Washington, where he served as the director of the university’s
Nuclear Physics Laboratory (renamed the Center for
Experimental Nuclear Physics and Astrophysics) in 1990, and the
dean of the College of Arts & Sciences from 1979 to 1987. He
also was a professor of physics from 1995 to 2014.

Photo: AIP

Ernest M. Henley

10 September 2018
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Abstract

An origin of the suppression of the singlet fraction of Λ produced in p̄p annihilation is

given.

a, b

a

b

c 1, 2, c

c
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Abstract The question how the spin of the nucleon is distributed among its quark and gluon constituents
is still a subject of intense investigations. Lattice QCD has progressed to provide information about spin
fractions and orbital angular momentum contributions for up- and down-quarks in the proton, at a typical
scale µ

2 ⇠ 4GeV2. On the other hand, chiral quark models have traditionally been used for orientation
at low momentum scales. In the comparison of such model calculations with experiment or lattice QCD,
fixing the model scale and the treatment of scale evolution are essential. In this paper, we present a
refined model calculation and a QCD evolution of lattice results up to next-to-next-to-leading order. We
compare this approach with the Myhrer-Thomas scenario for resolving the proton spin puzzle.

PACS. 14.20.Dh Protons and neutrons – 12.39.Ba Bag model – 12.38.Bx Perturbative calculations

1 Introduction

How is the total spin 1/2 of the nucleon distributed among
its quark and gluon constituents? This question has been
intensely discussed ever since the EMC experiment pre-
sented first results for the spin asymmetry in polarized
muon proton scattering in 1987 [1]. This measurement in-
dicated that only about 15% or less of the nucleon spin is
built up by quark spins, although with sizeable statistical
and systematic uncertainties. More recent measurements
of HERMES and COMPASS [2, 3] and their QCD analy-
sis [4–6] showed that the nucleon receives still only about
one third of its spin from quark spins:

�⌃HERMES(5GeV2) =

0.330± 0.011theo. ± 0.025exp. ± 0.028evol., (1)

determined at a scale µ

2 = 5GeV2. This is in stark con-
trast to naive model calculations, as for example in the
non-relativistic quark model that suggests �⌃ = 1. Rel-
ativistic effects reduce �⌃ to about two thirds, still far
too large in comparison with Eq. (1). Myhrer and Thomas
proposed in [7–10] that �⌃ could be further reduced by

a altenb@ph.tum.de
b phaegler@ph.tum.de
c weise@ph.tum.de

including pion cloud contributions and corrections from
one gluon exchanges. With such corrections they end up
with a result for �⌃ that is consistent with experiment.
The missing ⇡ 60 � 70% of the nucleon spin reappear
entirely as orbital angular momentum of up and down
quarks. On the other hand, Lu+d, appears to be in strong
contrast to lattice calculations [11–13] where the orbital
angular momentum contribution Lu+d comes out close to
zero [13]. To explain this difference, Thomas [8] proposed
to consider the renormalization scale (µ-)dependence of
the quantities appearing in the nucleon spin sum rule [14]

1

2
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1

2
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defined by the following expectation values taken for a
spin-up state of the proton, |P+i:
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Coordinate Space Distributions of Antiquark Flavor Asymmetries
in the Proton ∗)

Ernest M. Henleya,b, Thorsten Renkc, and Wolfram Weisec
a Department of Physics, University of Washington, Seattle, WA 98195, USA
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Abstract

We examine the space-time properties of the distributions of (d̄− ū) and d̄/ū in
the proton. The difference of the antiquark distributions shows the expected peak
at the approximate pion Compton wavelength and is supportive of the thesis that
the meson cloud of the nucleon is at the origin of the asymmetry of (d̄ − ū), with
the pion cloud playing a dominant role.

The partonic distribution functions of the proton, particularly the flavor dependence
of the antiquark distributions, remain of considerable interest. Experimentally, the NMC
measurement of the integral of (d̄− ū) [1], and the more recent measurements of the ratio
d̄/ū by means of the Drell-Yan process [2, 3] provide evidence for the excess of d̄ over
ū in the proton. Similar results for (d̄ − ū) were obtained by HERMES [4]. One of the
simplest (physically ”anschaulich”) explanations for the excess is based on the meson
cloud model and the Sullivan process. This model can explain the momentum fraction
(Bjorken x-dependence) of the (d̄ − ū) distribution (for reviews, see [5]). Pions play
the leading role in this context, while the detailed description of the ratio d̄/ū may also
require correlated qq̄ pairs of heavier mass[3, 6, 7].

In this Letter we do not wish to dwell on the differences between theoretical models
and experiment, but examine the spacetime properties of the flavor distribution asym-
metries in order to see whether they offer any clues as to their origin. In order to obtain
the distribution functions in coordinate space, we follow Piller et al. [8] and Vänttinen
et al. [9]. We work with light-cone variables and introduce the dimensionless coordinate
spacetime variable z = y · P , where P is the momentum of the nucleon. The light cone
distance is y+ ≡ t + y3 = 2z/M , with M the nucleon mass. The dimensionless space

∗)work supported in part by BMBF, by the Alexander von Humboldt Foundation and by the US Dept.
of Energy
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fractions and orbital angular momentum contributions for up- and down-quarks in the proton, at a typical
scale µ

2 ⇠ 4GeV2. On the other hand, chiral quark models have traditionally been used for orientation
at low momentum scales. In the comparison of such model calculations with experiment or lattice QCD,
fixing the model scale and the treatment of scale evolution are essential. In this paper, we present a
refined model calculation and a QCD evolution of lattice results up to next-to-next-to-leading order. We
compare this approach with the Myhrer-Thomas scenario for resolving the proton spin puzzle.

PACS. 14.20.Dh Protons and neutrons – 12.39.Ba Bag model – 12.38.Bx Perturbative calculations

1 Introduction

How is the total spin 1/2 of the nucleon distributed among
its quark and gluon constituents? This question has been
intensely discussed ever since the EMC experiment pre-
sented first results for the spin asymmetry in polarized
muon proton scattering in 1987 [1]. This measurement in-
dicated that only about 15% or less of the nucleon spin is
built up by quark spins, although with sizeable statistical
and systematic uncertainties. More recent measurements
of HERMES and COMPASS [2, 3] and their QCD analy-
sis [4–6] showed that the nucleon receives still only about
one third of its spin from quark spins:

�⌃HERMES(5GeV2) =

0.330± 0.011theo. ± 0.025exp. ± 0.028evol., (1)

determined at a scale µ

2 = 5GeV2. This is in stark con-
trast to naive model calculations, as for example in the
non-relativistic quark model that suggests �⌃ = 1. Rel-
ativistic effects reduce �⌃ to about two thirds, still far
too large in comparison with Eq. (1). Myhrer and Thomas
proposed in [7–10] that �⌃ could be further reduced by
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including pion cloud contributions and corrections from
one gluon exchanges. With such corrections they end up
with a result for �⌃ that is consistent with experiment.
The missing ⇡ 60 � 70% of the nucleon spin reappear
entirely as orbital angular momentum of up and down
quarks. On the other hand, Lu+d, appears to be in strong
contrast to lattice calculations [11–13] where the orbital
angular momentum contribution Lu+d comes out close to
zero [13]. To explain this difference, Thomas [8] proposed
to consider the renormalization scale (µ-)dependence of
the quantities appearing in the nucleon spin sum rule [14]
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Abstract

We examine the space-time properties of the distributions of (d̄− ū) and d̄/ū in
the proton. The difference of the antiquark distributions shows the expected peak
at the approximate pion Compton wavelength and is supportive of the thesis that
the meson cloud of the nucleon is at the origin of the asymmetry of (d̄ − ū), with
the pion cloud playing a dominant role.

The partonic distribution functions of the proton, particularly the flavor dependence
of the antiquark distributions, remain of considerable interest. Experimentally, the NMC
measurement of the integral of (d̄− ū) [1], and the more recent measurements of the ratio
d̄/ū by means of the Drell-Yan process [2, 3] provide evidence for the excess of d̄ over
ū in the proton. Similar results for (d̄ − ū) were obtained by HERMES [4]. One of the
simplest (physically ”anschaulich”) explanations for the excess is based on the meson
cloud model and the Sullivan process. This model can explain the momentum fraction
(Bjorken x-dependence) of the (d̄ − ū) distribution (for reviews, see [5]). Pions play
the leading role in this context, while the detailed description of the ratio d̄/ū may also
require correlated qq̄ pairs of heavier mass[3, 6, 7].

In this Letter we do not wish to dwell on the differences between theoretical models
and experiment, but examine the spacetime properties of the flavor distribution asym-
metries in order to see whether they offer any clues as to their origin. In order to obtain
the distribution functions in coordinate space, we follow Piller et al. [8] and Vänttinen
et al. [9]. We work with light-cone variables and introduce the dimensionless coordinate
spacetime variable z = y · P , where P is the momentum of the nucleon. The light cone
distance is y+ ≡ t + y3 = 2z/M , with M the nucleon mass. The dimensionless space
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ū in the proton. Similar results for (d̄ − ū) were obtained by HERMES [4]. One of the
simplest (physically ”anschaulich”) explanations for the excess is based on the meson
cloud model and the Sullivan process. This model can explain the momentum fraction
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zero [13]. To explain this difference, Thomas [8] proposed
to consider the renormalization scale (µ-)dependence of
the quantities appearing in the nucleon spin sum rule [14]
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Abstract

We examine the space-time properties of the distributions of (d̄− ū) and d̄/ū in
the proton. The difference of the antiquark distributions shows the expected peak
at the approximate pion Compton wavelength and is supportive of the thesis that
the meson cloud of the nucleon is at the origin of the asymmetry of (d̄ − ū), with
the pion cloud playing a dominant role.

The partonic distribution functions of the proton, particularly the flavor dependence
of the antiquark distributions, remain of considerable interest. Experimentally, the NMC
measurement of the integral of (d̄− ū) [1], and the more recent measurements of the ratio
d̄/ū by means of the Drell-Yan process [2, 3] provide evidence for the excess of d̄ over
ū in the proton. Similar results for (d̄ − ū) were obtained by HERMES [4]. One of the
simplest (physically ”anschaulich”) explanations for the excess is based on the meson
cloud model and the Sullivan process. This model can explain the momentum fraction
(Bjorken x-dependence) of the (d̄ − ū) distribution (for reviews, see [5]). Pions play
the leading role in this context, while the detailed description of the ratio d̄/ū may also
require correlated qq̄ pairs of heavier mass[3, 6, 7].

In this Letter we do not wish to dwell on the differences between theoretical models
and experiment, but examine the spacetime properties of the flavor distribution asym-
metries in order to see whether they offer any clues as to their origin. In order to obtain
the distribution functions in coordinate space, we follow Piller et al. [8] and Vänttinen
et al. [9]. We work with light-cone variables and introduce the dimensionless coordinate
spacetime variable z = y · P , where P is the momentum of the nucleon. The light cone
distance is y+ ≡ t + y3 = 2z/M , with M the nucleon mass. The dimensionless space
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Are there guiding principles leading from 
QCD SYMMETRIES

to strongly interacting  COMPLEX SYSTEMS 
such as 

NUCLEI  and  DENSE BARYONIC MATTER  

?

The QUESTION :

PHYSIK
DEPARTMENT



4

Symmetry breaking scale :

PHYSIK
DEPARTMENT

SYMMETRIES, 
SYMMETRY BREAKING PATTERNS 

and  SCALES in QCD

        left - handed         right - handed

momentum spinspin

(almost) massless u- and d-quarks :       CHIRAL SYMMETRY

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
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(empirical)(chiral limit)f (0)⇡ ' 86MeV
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SCALE INVARIANCE  and  TRACE ANOMALY

Trace of energy-momentum tensor         vanishes classically …

SYMMETRIES, 
SYMMETRY BREAKING PATTERNS 

and  SCALES in QCD (contd.)

QCD with massless quarks - no dimensional parameter

Invariance under scale transformations :

 (x) ! �

3
2
 (�x)

<latexit sha1_base64="vCNHvuSMQogDO0vzTo7QLsVrTg4=">AAACHXicbVC7TsMwFHV4lvIKMLJYVEjtUiWlEowVLIxFog+pCZXjOK1VJ45sB1pF/REWfoWFAYQYWBB/g5tmgJYjWTo65x5d3+PFjEplWd/Gyura+sZmYau4vbO7t28eHLYlTwQmLcwZF10PScJoRFqKKka6sSAo9BjpeKOrmd+5J0JSHt2qSUzcEA0iGlCMlJb6Zt2JJS2PK46gg6FCQvAH6DCd99FdeuZwnYW1aTaUy3Bc6Zslq2plgMvEzkkJ5Gj2zU/H5zgJSaQwQ1L2bCtWboqEopiRadFJJIkRHqEB6WkaoZBIN82um8JTrfgw4EK/SMFM/Z1IUSjlJPT0ZIjUUC56M/E/r5eo4MJNaRQnikR4vihIGFQczqqCPhUEKzbRBGFB9V8hHiKBsNKFFnUJ9uLJy6Rdq9pW1b6plxqXeR0FcAxOQBnY4Bw0wDVoghbA4BE8g1fwZjwZL8a78TEfXTHyzBH4A+PrByIAoec=</latexit><latexit sha1_base64="vCNHvuSMQogDO0vzTo7QLsVrTg4=">AAACHXicbVC7TsMwFHV4lvIKMLJYVEjtUiWlEowVLIxFog+pCZXjOK1VJ45sB1pF/REWfoWFAYQYWBB/g5tmgJYjWTo65x5d3+PFjEplWd/Gyura+sZmYau4vbO7t28eHLYlTwQmLcwZF10PScJoRFqKKka6sSAo9BjpeKOrmd+5J0JSHt2qSUzcEA0iGlCMlJb6Zt2JJS2PK46gg6FCQvAH6DCd99FdeuZwnYW1aTaUy3Bc6Zslq2plgMvEzkkJ5Gj2zU/H5zgJSaQwQ1L2bCtWboqEopiRadFJJIkRHqEB6WkaoZBIN82um8JTrfgw4EK/SMFM/Z1IUSjlJPT0ZIjUUC56M/E/r5eo4MJNaRQnikR4vihIGFQczqqCPhUEKzbRBGFB9V8hHiKBsNKFFnUJ9uLJy6Rdq9pW1b6plxqXeR0FcAxOQBnY4Bw0wDVoghbA4BE8g1fwZjwZL8a78TEfXTHyzBH4A+PrByIAoec=</latexit><latexit sha1_base64="vCNHvuSMQogDO0vzTo7QLsVrTg4=">AAACHXicbVC7TsMwFHV4lvIKMLJYVEjtUiWlEowVLIxFog+pCZXjOK1VJ45sB1pF/REWfoWFAYQYWBB/g5tmgJYjWTo65x5d3+PFjEplWd/Gyura+sZmYau4vbO7t28eHLYlTwQmLcwZF10PScJoRFqKKka6sSAo9BjpeKOrmd+5J0JSHt2qSUzcEA0iGlCMlJb6Zt2JJS2PK46gg6FCQvAH6DCd99FdeuZwnYW1aTaUy3Bc6Zslq2plgMvEzkkJ5Gj2zU/H5zgJSaQwQ1L2bCtWboqEopiRadFJJIkRHqEB6WkaoZBIN82um8JTrfgw4EK/SMFM/Z1IUSjlJPT0ZIjUUC56M/E/r5eo4MJNaRQnikR4vihIGFQczqqCPhUEKzbRBGFB9V8hHiKBsNKFFnUJ9uLJy6Rdq9pW1b6plxqXeR0FcAxOQBnY4Bw0wDVoghbA4BE8g1fwZjwZL8a78TEfXTHyzBH4A+PrByIAoec=</latexit><latexit sha1_base64="vCNHvuSMQogDO0vzTo7QLsVrTg4=">AAACHXicbVC7TsMwFHV4lvIKMLJYVEjtUiWlEowVLIxFog+pCZXjOK1VJ45sB1pF/REWfoWFAYQYWBB/g5tmgJYjWTo65x5d3+PFjEplWd/Gyura+sZmYau4vbO7t28eHLYlTwQmLcwZF10PScJoRFqKKka6sSAo9BjpeKOrmd+5J0JSHt2qSUzcEA0iGlCMlJb6Zt2JJS2PK46gg6FCQvAH6DCd99FdeuZwnYW1aTaUy3Bc6Zslq2plgMvEzkkJ5Gj2zU/H5zgJSaQwQ1L2bCtWboqEopiRadFJJIkRHqEB6WkaoZBIN82um8JTrfgw4EK/SMFM/Z1IUSjlJPT0ZIjUUC56M/E/r5eo4MJNaRQnikR4vihIGFQczqqCPhUEKzbRBGFB9V8hHiKBsNKFFnUJ9uLJy6Rdq9pW1b6plxqXeR0FcAxOQBnY4Bw0wDVoghbA4BE8g1fwZjwZL8a78TEfXTHyzBH4A+PrByIAoec=</latexit>

A

a
µ(x) ! �A

a
µ(�x)

<latexit sha1_base64="qOYNsTux+iZnSXLR2YVKtYPvgf4=">AAACGXicbVDLSgMxFM34rPU16tJNsAjtpsyIoMuqG5cV7AM643AnzbShmQdJRltKf8ONv+LGhSIudeXfmLZT0NYDgZNz7r3JPX7CmVSW9W0sLa+srq3nNvKbW9s7u+befl3GqSC0RmIei6YPknIW0ZpiitNmIiiEPqcNv3c19hv3VEgWR7dqkFA3hE7EAkZAackzrQvPCdM7KPZLjmCdrgIh4gfscD2iDXjmzu79kmcWrLI1AV4kdkYKKEPVMz+ddkzSkEaKcJCyZVuJcocgFCOcjvJOKmkCpAcd2tI0gpBKdzjZbISPtdLGQSz0iRSeqL87hhBKOQh9XRmC6sp5byz+57VSFZy7QxYlqaIRmT4UpByrGI9jwm0mKFF8oAkQwfRfMemCAKJ0mHkdgj2/8iKpn5Rtq2zfnBYql1kcOXSIjlAR2egMVdA1qqIaIugRPaNX9GY8GS/Gu/ExLV0ysp4D9AfG1w9PxZ/W</latexit><latexit sha1_base64="qOYNsTux+iZnSXLR2YVKtYPvgf4=">AAACGXicbVDLSgMxFM34rPU16tJNsAjtpsyIoMuqG5cV7AM643AnzbShmQdJRltKf8ONv+LGhSIudeXfmLZT0NYDgZNz7r3JPX7CmVSW9W0sLa+srq3nNvKbW9s7u+befl3GqSC0RmIei6YPknIW0ZpiitNmIiiEPqcNv3c19hv3VEgWR7dqkFA3hE7EAkZAackzrQvPCdM7KPZLjmCdrgIh4gfscD2iDXjmzu79kmcWrLI1AV4kdkYKKEPVMz+ddkzSkEaKcJCyZVuJcocgFCOcjvJOKmkCpAcd2tI0gpBKdzjZbISPtdLGQSz0iRSeqL87hhBKOQh9XRmC6sp5byz+57VSFZy7QxYlqaIRmT4UpByrGI9jwm0mKFF8oAkQwfRfMemCAKJ0mHkdgj2/8iKpn5Rtq2zfnBYql1kcOXSIjlAR2egMVdA1qqIaIugRPaNX9GY8GS/Gu/ExLV0ysp4D9AfG1w9PxZ/W</latexit><latexit sha1_base64="qOYNsTux+iZnSXLR2YVKtYPvgf4=">AAACGXicbVDLSgMxFM34rPU16tJNsAjtpsyIoMuqG5cV7AM643AnzbShmQdJRltKf8ONv+LGhSIudeXfmLZT0NYDgZNz7r3JPX7CmVSW9W0sLa+srq3nNvKbW9s7u+befl3GqSC0RmIei6YPknIW0ZpiitNmIiiEPqcNv3c19hv3VEgWR7dqkFA3hE7EAkZAackzrQvPCdM7KPZLjmCdrgIh4gfscD2iDXjmzu79kmcWrLI1AV4kdkYKKEPVMz+ddkzSkEaKcJCyZVuJcocgFCOcjvJOKmkCpAcd2tI0gpBKdzjZbISPtdLGQSz0iRSeqL87hhBKOQh9XRmC6sp5byz+57VSFZy7QxYlqaIRmT4UpByrGI9jwm0mKFF8oAkQwfRfMemCAKJ0mHkdgj2/8iKpn5Rtq2zfnBYql1kcOXSIjlAR2egMVdA1qqIaIugRPaNX9GY8GS/Gu/ExLV0ysp4D9AfG1w9PxZ/W</latexit><latexit sha1_base64="qOYNsTux+iZnSXLR2YVKtYPvgf4=">AAACGXicbVDLSgMxFM34rPU16tJNsAjtpsyIoMuqG5cV7AM643AnzbShmQdJRltKf8ONv+LGhSIudeXfmLZT0NYDgZNz7r3JPX7CmVSW9W0sLa+srq3nNvKbW9s7u+befl3GqSC0RmIei6YPknIW0ZpiitNmIiiEPqcNv3c19hv3VEgWR7dqkFA3hE7EAkZAackzrQvPCdM7KPZLjmCdrgIh4gfscD2iDXjmzu79kmcWrLI1AV4kdkYKKEPVMz+ddkzSkEaKcJCyZVuJcocgFCOcjvJOKmkCpAcd2tI0gpBKdzjZbISPtdLGQSz0iRSeqL87hhBKOQh9XRmC6sp5byz+57VSFZy7QxYlqaIRmT4UpByrGI9jwm0mKFF8oAkQwfRfMemCAKJ0mHkdgj2/8iKpn5Rtq2zfnBYql1kcOXSIjlAR2egMVdA1qqIaIugRPaNX9GY8GS/Gu/ExLV0ysp4D9AfG1w9PxZ/W</latexit>

… 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>

⇥µ
µ =

�(g)

g
Tr[Gµ⌫G

µ⌫ ]
<latexit sha1_base64="A3mPiX/EqjbONJC2ghPJrstse+4="></latexit><latexit sha1_base64="A3mPiX/EqjbONJC2ghPJrstse+4="></latexit><latexit sha1_base64="A3mPiX/EqjbONJC2ghPJrstse+4="></latexit><latexit sha1_base64="A3mPiX/EqjbONJC2ghPJrstse+4="></latexit>

(trace anomaly)

PHYSIK
DEPARTMENT



MASS of the NUCLEON

SYMMETRIES, 
SYMMETRY BREAKING PATTERNS 

and  SCALES in QCD (contd.)

and  TRACE ANOMALY

M(0)
N = hN |(�/g)Tr[Gµ⌫G

µ⌫ ]|Ni = 9

4
hN |↵s

⇡
(E2 �B2)|Ni

<latexit sha1_base64="5D2Wo1u+8gmXcWDIUrqVaxvSZUU="></latexit><latexit sha1_base64="5D2Wo1u+8gmXcWDIUrqVaxvSZUU="></latexit><latexit sha1_base64="5D2Wo1u+8gmXcWDIUrqVaxvSZUU="></latexit><latexit sha1_base64="5D2Wo1u+8gmXcWDIUrqVaxvSZUU="></latexit>

From massless quarks to massive nucleon :

Physical nucleon mass :

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>

Recent values :  
�N ' 50� 60 MeV

<latexit sha1_base64="7k+pk0GIXbyNVsC1q/WgHjp8Pns=">AAACE3icbZDJSgNBEIZ73I3bqEcvjUEQwTAjbkfRixdFwSyQCaGnUxObdM+M3TViGOIzePFVvHhQxKsXb76NnZiD2w8NH39VUV1/mEph0PM+nJHRsfGJyanpwszs3PyCu7hUMUmmOZR5IhNdC5kBKWIoo0AJtVQDU6GEatg56ter16CNSOIL7KbQUKwdi0hwhtZquht5EEY0MKKtWPO01ycFV3THo5t017vNA4QbpCdQ6dGmW/RK3kD0L/hDKJKhzprue9BKeKYgRi6ZMXXfS7GRM42CS+gVgsxAyniHtaFuMWYKTCMf3NSja9Zp0SjR9sVIB+73iZwpY7oqtJ2K4aX5Xeub/9XqGUb7jVzEaYYQ869FUSYpJrQfEG0JDRxl1wLjWti/Un7JNONoYyzYEPzfJ/+FylbJ90r++Xbx4HAYxxRZIatknfhkjxyQY3JGyoSTO/JAnsizc+88Oi/O61friDOcWSY/5Lx9Ajv5nHc=</latexit><latexit sha1_base64="7k+pk0GIXbyNVsC1q/WgHjp8Pns=">AAACE3icbZDJSgNBEIZ73I3bqEcvjUEQwTAjbkfRixdFwSyQCaGnUxObdM+M3TViGOIzePFVvHhQxKsXb76NnZiD2w8NH39VUV1/mEph0PM+nJHRsfGJyanpwszs3PyCu7hUMUmmOZR5IhNdC5kBKWIoo0AJtVQDU6GEatg56ter16CNSOIL7KbQUKwdi0hwhtZquht5EEY0MKKtWPO01ycFV3THo5t017vNA4QbpCdQ6dGmW/RK3kD0L/hDKJKhzprue9BKeKYgRi6ZMXXfS7GRM42CS+gVgsxAyniHtaFuMWYKTCMf3NSja9Zp0SjR9sVIB+73iZwpY7oqtJ2K4aX5Xeub/9XqGUb7jVzEaYYQ869FUSYpJrQfEG0JDRxl1wLjWti/Un7JNONoYyzYEPzfJ/+FylbJ90r++Xbx4HAYxxRZIatknfhkjxyQY3JGyoSTO/JAnsizc+88Oi/O61friDOcWSY/5Lx9Ajv5nHc=</latexit><latexit sha1_base64="7k+pk0GIXbyNVsC1q/WgHjp8Pns=">AAACE3icbZDJSgNBEIZ73I3bqEcvjUEQwTAjbkfRixdFwSyQCaGnUxObdM+M3TViGOIzePFVvHhQxKsXb76NnZiD2w8NH39VUV1/mEph0PM+nJHRsfGJyanpwszs3PyCu7hUMUmmOZR5IhNdC5kBKWIoo0AJtVQDU6GEatg56ter16CNSOIL7KbQUKwdi0hwhtZquht5EEY0MKKtWPO01ycFV3THo5t017vNA4QbpCdQ6dGmW/RK3kD0L/hDKJKhzprue9BKeKYgRi6ZMXXfS7GRM42CS+gVgsxAyniHtaFuMWYKTCMf3NSja9Zp0SjR9sVIB+73iZwpY7oqtJ2K4aX5Xeub/9XqGUb7jVzEaYYQ869FUSYpJrQfEG0JDRxl1wLjWti/Un7JNONoYyzYEPzfJ/+FylbJ90r++Xbx4HAYxxRZIatknfhkjxyQY3JGyoSTO/JAnsizc+88Oi/O61friDOcWSY/5Lx9Ajv5nHc=</latexit><latexit sha1_base64="7k+pk0GIXbyNVsC1q/WgHjp8Pns=">AAACE3icbZDJSgNBEIZ73I3bqEcvjUEQwTAjbkfRixdFwSyQCaGnUxObdM+M3TViGOIzePFVvHhQxKsXb76NnZiD2w8NH39VUV1/mEph0PM+nJHRsfGJyanpwszs3PyCu7hUMUmmOZR5IhNdC5kBKWIoo0AJtVQDU6GEatg56ter16CNSOIL7KbQUKwdi0hwhtZquht5EEY0MKKtWPO01ycFV3THo5t017vNA4QbpCdQ6dGmW/RK3kD0L/hDKJKhzprue9BKeKYgRi6ZMXXfS7GRM42CS+gVgsxAyniHtaFuMWYKTCMf3NSja9Zp0SjR9sVIB+73iZwpY7oqtJ2K4aX5Xeub/9XqGUb7jVzEaYYQ869FUSYpJrQfEG0JDRxl1wLjWti/Un7JNONoYyzYEPzfJ/+FylbJ90r++Xbx4HAYxxRZIatknfhkjxyQY3JGyoSTO/JAnsizc+88Oi/O61friDOcWSY/5Lx9Ajv5nHc=</latexit>

(from pion-nucleon scattering analysis)
�N ' 40 MeV

<latexit sha1_base64="bL186yEZSCYMa02Kn8YgcnPQZVE=">AAACDnicbZC7SgNBFIZnvcZ4i1raDAbBKuyKoGXQxkaJYC6QDWF2cjYZMrO7zpwVwxJfwMZXsbFQxNbazrdxcinU+MPAx3/O4cz5g0QKg6775czNLywuLedW8qtr6xubha3tmolTzaHKYxnrRsAMSBFBFQVKaCQamAok1IP+2ahevwVtRBxd4yCBlmLdSISCM7RWu7Cf+UFIfSO6irUvhyNScEOP3PvMR7hDegG1IW0Xim7JHYvOgjeFIpmq0i58+p2Ypwoi5JIZ0/TcBFsZ0yi4hGHeTw0kjPdZF5oWI6bAtLLxOUO6b50ODWNtX4R07P6cyJgyZqAC26kY9szf2sj8r9ZMMTxpZSJKUoSITxaFqaQY01E2tCM0cJQDC4xrYf9KeY9pxtEmmLcheH9PnoXaYclzS97VUbF8Oo0jR3bJHjkgHjkmZXJOKqRKOHkgT+SFvDqPzrPz5rxPWuec6cwO+SXn4xsJcJtx</latexit><latexit sha1_base64="bL186yEZSCYMa02Kn8YgcnPQZVE=">AAACDnicbZC7SgNBFIZnvcZ4i1raDAbBKuyKoGXQxkaJYC6QDWF2cjYZMrO7zpwVwxJfwMZXsbFQxNbazrdxcinU+MPAx3/O4cz5g0QKg6775czNLywuLedW8qtr6xubha3tmolTzaHKYxnrRsAMSBFBFQVKaCQamAok1IP+2ahevwVtRBxd4yCBlmLdSISCM7RWu7Cf+UFIfSO6irUvhyNScEOP3PvMR7hDegG1IW0Xim7JHYvOgjeFIpmq0i58+p2Ypwoi5JIZ0/TcBFsZ0yi4hGHeTw0kjPdZF5oWI6bAtLLxOUO6b50ODWNtX4R07P6cyJgyZqAC26kY9szf2sj8r9ZMMTxpZSJKUoSITxaFqaQY01E2tCM0cJQDC4xrYf9KeY9pxtEmmLcheH9PnoXaYclzS97VUbF8Oo0jR3bJHjkgHjkmZXJOKqRKOHkgT+SFvDqPzrPz5rxPWuec6cwO+SXn4xsJcJtx</latexit><latexit sha1_base64="bL186yEZSCYMa02Kn8YgcnPQZVE=">AAACDnicbZC7SgNBFIZnvcZ4i1raDAbBKuyKoGXQxkaJYC6QDWF2cjYZMrO7zpwVwxJfwMZXsbFQxNbazrdxcinU+MPAx3/O4cz5g0QKg6775czNLywuLedW8qtr6xubha3tmolTzaHKYxnrRsAMSBFBFQVKaCQamAok1IP+2ahevwVtRBxd4yCBlmLdSISCM7RWu7Cf+UFIfSO6irUvhyNScEOP3PvMR7hDegG1IW0Xim7JHYvOgjeFIpmq0i58+p2Ypwoi5JIZ0/TcBFsZ0yi4hGHeTw0kjPdZF5oWI6bAtLLxOUO6b50ODWNtX4R07P6cyJgyZqAC26kY9szf2sj8r9ZMMTxpZSJKUoSITxaFqaQY01E2tCM0cJQDC4xrYf9KeY9pxtEmmLcheH9PnoXaYclzS97VUbF8Oo0jR3bJHjkgHjkmZXJOKqRKOHkgT+SFvDqPzrPz5rxPWuec6cwO+SXn4xsJcJtx</latexit><latexit sha1_base64="bL186yEZSCYMa02Kn8YgcnPQZVE=">AAACDnicbZC7SgNBFIZnvcZ4i1raDAbBKuyKoGXQxkaJYC6QDWF2cjYZMrO7zpwVwxJfwMZXsbFQxNbazrdxcinU+MPAx3/O4cz5g0QKg6775czNLywuLedW8qtr6xubha3tmolTzaHKYxnrRsAMSBFBFQVKaCQamAok1IP+2ahevwVtRBxd4yCBlmLdSISCM7RWu7Cf+UFIfSO6irUvhyNScEOP3PvMR7hDegG1IW0Xim7JHYvOgjeFIpmq0i58+p2Ypwoi5JIZ0/TcBFsZ0yi4hGHeTw0kjPdZF5oWI6bAtLLxOUO6b50ODWNtX4R07P6cyJgyZqAC26kY9szf2sj8r9ZMMTxpZSJKUoSITxaFqaQY01E2tCM0cJQDC4xrYf9KeY9pxtEmmLcheH9PnoXaYclzS97VUbF8Oo0jR3bJHjkgHjkmZXJOKqRKOHkgT+SFvDqPzrPz5rxPWuec6cwO+SXn4xsJcJtx</latexit>

(from Lattice QCD)

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>

Binding energy per nucleon in nuclear matter :  E/A = 16MeV
<latexit sha1_base64="o5XyAMJMhwzWDRlKf8r8Kn5VfYc=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAbBg8RdEfUiREXwIkQwD0hCmJ10kiGzD2Z6xbDk5sVf8eJBEa/+gjf/xkmyB00saCiquunuckMpNNr2t5WamZ2bX0gvZpaWV1bXsusbZR1EikOJBzJQVZdpkMKHEgqUUA0VMM+VUHF7l0O/cg9Ki8C/w34IDY91fNEWnKGRmtntuI7wgPTq4HxAz6hzXN9PlBsoD2gzm7Pz9gh0mjgJyZEExWb2q94KeOSBj1wyrWuOHWIjZgoFlzDI1CMNIeM91oGaoT7zQDfi0R8DumuUFm0HypSPdKT+noiZp3Xfc02nx7CrJ72h+J9Xi7B92oiFH0YIPh8vakeSYkCHodCWUMBR9g1hXAlzK+VdphhHE13GhOBMvjxNyod5x847t0e5wkUSR5pskR2yRxxyQgrkmhRJiXDySJ7JK3mznqwX6936GLemrGRmk/yB9fkDKrWXkg==</latexit><latexit sha1_base64="o5XyAMJMhwzWDRlKf8r8Kn5VfYc=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAbBg8RdEfUiREXwIkQwD0hCmJ10kiGzD2Z6xbDk5sVf8eJBEa/+gjf/xkmyB00saCiquunuckMpNNr2t5WamZ2bX0gvZpaWV1bXsusbZR1EikOJBzJQVZdpkMKHEgqUUA0VMM+VUHF7l0O/cg9Ki8C/w34IDY91fNEWnKGRmtntuI7wgPTq4HxAz6hzXN9PlBsoD2gzm7Pz9gh0mjgJyZEExWb2q94KeOSBj1wyrWuOHWIjZgoFlzDI1CMNIeM91oGaoT7zQDfi0R8DumuUFm0HypSPdKT+noiZp3Xfc02nx7CrJ72h+J9Xi7B92oiFH0YIPh8vakeSYkCHodCWUMBR9g1hXAlzK+VdphhHE13GhOBMvjxNyod5x847t0e5wkUSR5pskR2yRxxyQgrkmhRJiXDySJ7JK3mznqwX6936GLemrGRmk/yB9fkDKrWXkg==</latexit><latexit sha1_base64="o5XyAMJMhwzWDRlKf8r8Kn5VfYc=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAbBg8RdEfUiREXwIkQwD0hCmJ10kiGzD2Z6xbDk5sVf8eJBEa/+gjf/xkmyB00saCiquunuckMpNNr2t5WamZ2bX0gvZpaWV1bXsusbZR1EikOJBzJQVZdpkMKHEgqUUA0VMM+VUHF7l0O/cg9Ki8C/w34IDY91fNEWnKGRmtntuI7wgPTq4HxAz6hzXN9PlBsoD2gzm7Pz9gh0mjgJyZEExWb2q94KeOSBj1wyrWuOHWIjZgoFlzDI1CMNIeM91oGaoT7zQDfi0R8DumuUFm0HypSPdKT+noiZp3Xfc02nx7CrJ72h+J9Xi7B92oiFH0YIPh8vakeSYkCHodCWUMBR9g1hXAlzK+VdphhHE13GhOBMvjxNyod5x847t0e5wkUSR5pskR2yRxxyQgrkmhRJiXDySJ7JK3mznqwX6936GLemrGRmk/yB9fkDKrWXkg==</latexit><latexit sha1_base64="o5XyAMJMhwzWDRlKf8r8Kn5VfYc=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAbBg8RdEfUiREXwIkQwD0hCmJ10kiGzD2Z6xbDk5sVf8eJBEa/+gjf/xkmyB00saCiquunuckMpNNr2t5WamZ2bX0gvZpaWV1bXsusbZR1EikOJBzJQVZdpkMKHEgqUUA0VMM+VUHF7l0O/cg9Ki8C/w34IDY91fNEWnKGRmtntuI7wgPTq4HxAz6hzXN9PlBsoD2gzm7Pz9gh0mjgJyZEExWb2q94KeOSBj1wyrWuOHWIjZgoFlzDI1CMNIeM91oGaoT7zQDfi0R8DumuUFm0HypSPdKT+noiZp3Xfc02nx7CrJ72h+J9Xi7B92oiFH0YIPh8vakeSYkCHodCWUMBR9g1hXAlzK+VdphhHE13GhOBMvjxNyod5x847t0e5wkUSR5pskR2yRxxyQgrkmhRJiXDySJ7JK3mznqwX6936GLemrGRmk/yB9fkDKrWXkg==</latexit>
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Historical Reminder about SIZES :
CHIRAL SOLITON MODEL of the NUCLEON

 mesonic cloud

⟨r2⟩1/2
E,isoscalar ≃ 0.8 fm

    
 baryonic core

⟨r2⟩1/2
B

≃ 0.5 fm
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NUCLEON : compact valence quark core  + mesonic cloud

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

hb2i ' 0.16 fm2 · ln(1/x)
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(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
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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>

9

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

99

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

3.1.2. Nuclear many-body forces
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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.
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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

V (2⇡)
3N =

X

i 6=j 6=k

g2A
8f4

⇡

~�i · ~qi ~�j · ~qj
(~qi

2 +m2
⇡)(~qj

2 +m2
⇡)

F↵�
ijk⌧

↵
i ⌧

�
j , (42)
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3

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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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

PHYSIK
DEPARTMENT

⇢0

Tc = 17.9± 0.4 MeV
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N3LO chiral NN interactions  +  N2LO 3-body forces
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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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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
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

N2LO(450)
<latexit sha1_base64="/e51L1wSM1xHPNoc9U9RoUnY3dI=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZSkVPRY8OJBtIL9gLaWzXbTLt1swu5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzPMizpR2nG8rs7K6tr6R3cxtbe/s7tn5/YYKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2vdHF1G8+UKlYKO70OKLdAA8E8xnB2kg9O590PB9d35evblCxcuqcTHp2wSk5M6Bl4qakAClqPfur0w9JHFChCcdKtV0n0t0ES80Ip5NcJ1Y0wmSEB7RtqMABVd1kdvoEHRulj/xQmhIazdTfEwkOlBoHnukMsB6qRW8q/ue1Y+2fdxMmolhTQeaL/JgjHaJpDqjPJCWajw3BRDJzKyJDLDHRJq2cCcFdfHmZNMol1ym5t5VCtZLGkYVDOIIiuHAGVbiEGtSBwCM8wyu8WU/Wi/VufcxbM1Y6cwB/YH3+AE9HkgY=</latexit><latexit sha1_base64="/e51L1wSM1xHPNoc9U9RoUnY3dI=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZSkVPRY8OJBtIL9gLaWzXbTLt1swu5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzPMizpR2nG8rs7K6tr6R3cxtbe/s7tn5/YYKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2vdHF1G8+UKlYKO70OKLdAA8E8xnB2kg9O590PB9d35evblCxcuqcTHp2wSk5M6Bl4qakAClqPfur0w9JHFChCcdKtV0n0t0ES80Ip5NcJ1Y0wmSEB7RtqMABVd1kdvoEHRulj/xQmhIazdTfEwkOlBoHnukMsB6qRW8q/ue1Y+2fdxMmolhTQeaL/JgjHaJpDqjPJCWajw3BRDJzKyJDLDHRJq2cCcFdfHmZNMol1ym5t5VCtZLGkYVDOIIiuHAGVbiEGtSBwCM8wyu8WU/Wi/VufcxbM1Y6cwB/YH3+AE9HkgY=</latexit><latexit sha1_base64="/e51L1wSM1xHPNoc9U9RoUnY3dI=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZSkVPRY8OJBtIL9gLaWzXbTLt1swu5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzPMizpR2nG8rs7K6tr6R3cxtbe/s7tn5/YYKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2vdHF1G8+UKlYKO70OKLdAA8E8xnB2kg9O590PB9d35evblCxcuqcTHp2wSk5M6Bl4qakAClqPfur0w9JHFChCcdKtV0n0t0ES80Ip5NcJ1Y0wmSEB7RtqMABVd1kdvoEHRulj/xQmhIazdTfEwkOlBoHnukMsB6qRW8q/ue1Y+2fdxMmolhTQeaL/JgjHaJpDqjPJCWajw3BRDJzKyJDLDHRJq2cCcFdfHmZNMol1ym5t5VCtZLGkYVDOIIiuHAGVbiEGtSBwCM8wyu8WU/Wi/VufcxbM1Y6cwB/YH3+AE9HkgY=</latexit><latexit sha1_base64="/e51L1wSM1xHPNoc9U9RoUnY3dI=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZSkVPRY8OJBtIL9gLaWzXbTLt1swu5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzPMizpR2nG8rs7K6tr6R3cxtbe/s7tn5/YYKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2vdHF1G8+UKlYKO70OKLdAA8E8xnB2kg9O590PB9d35evblCxcuqcTHp2wSk5M6Bl4qakAClqPfur0w9JHFChCcdKtV0n0t0ES80Ip5NcJ1Y0wmSEB7RtqMABVd1kdvoEHRulj/xQmhIazdTfEwkOlBoHnukMsB6qRW8q/ue1Y+2fdxMmolhTQeaL/JgjHaJpDqjPJCWajw3BRDJzKyJDLDHRJq2cCcFdfHmZNMol1ym5t5VCtZLGkYVDOIIiuHAGVbiEGtSBwCM8wyu8WU/Wi/VufcxbM1Y6cwB/YH3+AE9HkgY=</latexit>

N2LO(500)
<latexit sha1_base64="ENvXvZwhkJb0yHUMdHtklXWJq6Q=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXicQEL2SWYPRI4sWDUUzkkQCS2WEWJsw+MjOrISuf4sWDxnj1S7z5Nw6wBwUr6aRS1Z3uLjcSXGmMv63Myura+kZ2M7e1vbO7Z+f3GyqMJWV1GopQtlyimOABq2uuBWtFkhHfFazpji6mfvOBScXD4E6PI9b1ySDgHqdEG6ln55OO66Hr+/LVDSqeYnwy6dkFXMIzoGXipKQAKWo9+6vTD2nss0BTQZRqOzjS3YRIzalgk1wnViwidEQGrG1oQHymusns9Ak6NkofeaE0FWg0U39PJMRXauy7ptMneqgWvan4n9eOtXfeTXgQxZoFdL7IiwXSIZrmgPpcMqrF2BBCJTe3IjokklBt0sqZEJzFl5dJo1xycMm5rRSqlTSOLBzCERTBgTOowiXUoA4UHuEZXuHNerJerHfrY96asdKZA/gD6/MHSSySAg==</latexit><latexit sha1_base64="ENvXvZwhkJb0yHUMdHtklXWJq6Q=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXicQEL2SWYPRI4sWDUUzkkQCS2WEWJsw+MjOrISuf4sWDxnj1S7z5Nw6wBwUr6aRS1Z3uLjcSXGmMv63Myura+kZ2M7e1vbO7Z+f3GyqMJWV1GopQtlyimOABq2uuBWtFkhHfFazpji6mfvOBScXD4E6PI9b1ySDgHqdEG6ln55OO66Hr+/LVDSqeYnwy6dkFXMIzoGXipKQAKWo9+6vTD2nss0BTQZRqOzjS3YRIzalgk1wnViwidEQGrG1oQHymusns9Ak6NkofeaE0FWg0U39PJMRXauy7ptMneqgWvan4n9eOtXfeTXgQxZoFdL7IiwXSIZrmgPpcMqrF2BBCJTe3IjokklBt0sqZEJzFl5dJo1xycMm5rRSqlTSOLBzCERTBgTOowiXUoA4UHuEZXuHNerJerHfrY96asdKZA/gD6/MHSSySAg==</latexit><latexit sha1_base64="ENvXvZwhkJb0yHUMdHtklXWJq6Q=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXicQEL2SWYPRI4sWDUUzkkQCS2WEWJsw+MjOrISuf4sWDxnj1S7z5Nw6wBwUr6aRS1Z3uLjcSXGmMv63Myura+kZ2M7e1vbO7Z+f3GyqMJWV1GopQtlyimOABq2uuBWtFkhHfFazpji6mfvOBScXD4E6PI9b1ySDgHqdEG6ln55OO66Hr+/LVDSqeYnwy6dkFXMIzoGXipKQAKWo9+6vTD2nss0BTQZRqOzjS3YRIzalgk1wnViwidEQGrG1oQHymusns9Ak6NkofeaE0FWg0U39PJMRXauy7ptMneqgWvan4n9eOtXfeTXgQxZoFdL7IiwXSIZrmgPpcMqrF2BBCJTe3IjokklBt0sqZEJzFl5dJo1xycMm5rRSqlTSOLBzCERTBgTOowiXUoA4UHuEZXuHNerJerHfrY96asdKZA/gD6/MHSSySAg==</latexit><latexit sha1_base64="ENvXvZwhkJb0yHUMdHtklXWJq6Q=">AAAB+nicbVDLTgJBEOzFF+Jr0aOXicQEL2SWYPRI4sWDUUzkkQCS2WEWJsw+MjOrISuf4sWDxnj1S7z5Nw6wBwUr6aRS1Z3uLjcSXGmMv63Myura+kZ2M7e1vbO7Z+f3GyqMJWV1GopQtlyimOABq2uuBWtFkhHfFazpji6mfvOBScXD4E6PI9b1ySDgHqdEG6ln55OO66Hr+/LVDSqeYnwy6dkFXMIzoGXipKQAKWo9+6vTD2nss0BTQZRqOzjS3YRIzalgk1wnViwidEQGrG1oQHymusns9Ak6NkofeaE0FWg0U39PJMRXauy7ptMneqgWvan4n9eOtXfeTXgQxZoFdL7IiwXSIZrmgPpcMqrF2BBCJTe3IjokklBt0sqZEJzFl5dJo1xycMm5rRSqlTSOLBzCERTBgTOowiXUoA4UHuEZXuHNerJerHfrY96asdKZA/gD6/MHSSySAg==</latexit>

N3LO(450)
<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>
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  (e.g.  Quantum Monte Carlo  computations - S. Gandolfi et al.: EPJ A50 (2014) 10)
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⇢ ⇠ 2 ⇢0
<latexit sha1_base64="YGYeXaN+qNwX3fw1lRwKK81DlE0=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBdSkiLosujGZQV7gSaUyXTSDp1LmJkIJdSNr+LGhSJufQt3vo2TNgtt/WHg4z/ncOb8UcKoNp737ZRWVtfWN8qbla3tnd09d/+grWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGN3m980CUplLcm0lCQo6GgsYUI2OtvnuUBVEMAzWSgaYc1oPznPvetO9WvZo3E1wGv4AqKNTsu1/BQOKUE2EwQ1r3fC8xYYaUoZiRaSVINUkQHqMh6VkUiBMdZrMLpvDUOgMYS2WfMHDm/p7IENd6wiPbyZEZ6cVabv5X66UmvgozKpLUEIHni+KUQSNhHgccUEWwYRMLCCtq/wrxCCmEjQ2tYkPwF09ehna95ns1/+6i2rgu4iiDY3ACzoAPLkED3IImaAEMHsEzeAVvzpPz4rw7H/PWklPMHII/cj5/AGEZli8=</latexit><latexit sha1_base64="YGYeXaN+qNwX3fw1lRwKK81DlE0=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBdSkiLosujGZQV7gSaUyXTSDp1LmJkIJdSNr+LGhSJufQt3vo2TNgtt/WHg4z/ncOb8UcKoNp737ZRWVtfWN8qbla3tnd09d/+grWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGN3m980CUplLcm0lCQo6GgsYUI2OtvnuUBVEMAzWSgaYc1oPznPvetO9WvZo3E1wGv4AqKNTsu1/BQOKUE2EwQ1r3fC8xYYaUoZiRaSVINUkQHqMh6VkUiBMdZrMLpvDUOgMYS2WfMHDm/p7IENd6wiPbyZEZ6cVabv5X66UmvgozKpLUEIHni+KUQSNhHgccUEWwYRMLCCtq/wrxCCmEjQ2tYkPwF09ehna95ns1/+6i2rgu4iiDY3ACzoAPLkED3IImaAEMHsEzeAVvzpPz4rw7H/PWklPMHII/cj5/AGEZli8=</latexit><latexit sha1_base64="YGYeXaN+qNwX3fw1lRwKK81DlE0=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBdSkiLosujGZQV7gSaUyXTSDp1LmJkIJdSNr+LGhSJufQt3vo2TNgtt/WHg4z/ncOb8UcKoNp737ZRWVtfWN8qbla3tnd09d/+grWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGN3m980CUplLcm0lCQo6GgsYUI2OtvnuUBVEMAzWSgaYc1oPznPvetO9WvZo3E1wGv4AqKNTsu1/BQOKUE2EwQ1r3fC8xYYaUoZiRaSVINUkQHqMh6VkUiBMdZrMLpvDUOgMYS2WfMHDm/p7IENd6wiPbyZEZ6cVabv5X66UmvgozKpLUEIHni+KUQSNhHgccUEWwYRMLCCtq/wrxCCmEjQ2tYkPwF09ehna95ns1/+6i2rgu4iiDY3ACzoAPLkED3IImaAEMHsEzeAVvzpPz4rw7H/PWklPMHII/cj5/AGEZli8=</latexit><latexit sha1_base64="YGYeXaN+qNwX3fw1lRwKK81DlE0=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBdSkiLosujGZQV7gSaUyXTSDp1LmJkIJdSNr+LGhSJufQt3vo2TNgtt/WHg4z/ncOb8UcKoNp737ZRWVtfWN8qbla3tnd09d/+grWWqMGlhyaTqRkgTRgVpGWoY6SaKIB4x0onGN3m980CUplLcm0lCQo6GgsYUI2OtvnuUBVEMAzWSgaYc1oPznPvetO9WvZo3E1wGv4AqKNTsu1/BQOKUE2EwQ1r3fC8xYYaUoZiRaSVINUkQHqMh6VkUiBMdZrMLpvDUOgMYS2WfMHDm/p7IENd6wiPbyZEZ6cVabv5X66UmvgozKpLUEIHni+KUQSNhHgccUEWwYRMLCCtq/wrxCCmEjQ2tYkPwF09ehna95ns1/+6i2rgu4iiDY3ACzoAPLkED3IImaAEMHsEzeAVvzpPz4rw7H/PWklPMHII/cj5/AGEZli8=</latexit>
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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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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
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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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⇡,�
<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> …
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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>

+
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Wetterich’s FRG flow equations 

�
k=⇤[�] = S

�
k

[�]

�
k=0[�] = �[�]

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
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is computed from the k-dependent Schwinger functional W
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[J ]. The k-dependent
effective action is defined as a slight modification of the Legendre transform12. If
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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
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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]:
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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
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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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1

CCCA
, (81)

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
@�

k

[�]

@k
= =

1

2
Tr


k
@R

k

@k
·
⇣
�

(1,1)
k

[�] + R
k

⌘�1
�

. (82)

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.

28

full  
propagator

�(2)
k [�]

scale regulator

Renormalization Group strategies
k-dependent 

action 

Rk
<latexit sha1_base64="IRlh/3QTYVdflHrGM44+j8Z/wzs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMptI20</latexit><latexit sha1_base64="IRlh/3QTYVdflHrGM44+j8Z/wzs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMptI20</latexit><latexit sha1_base64="IRlh/3QTYVdflHrGM44+j8Z/wzs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMptI20</latexit><latexit sha1_base64="IRlh/3QTYVdflHrGM44+j8Z/wzs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx7jIw9IljA7mU2GzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHu7743654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfXcqnd3Walf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMptI20</latexit>

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

⌃
3
�
1 + 2nB(E⇤)

⇥

E⇤
+

1 + 2nB(E⌅)

E⌅

�
8
�
1� nF(EN , µeff)� nF(EN ,�µeff)

⇥

EN

⌥
.

(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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Important role of fluctuations (pionic and nucleon-hole) beyond mean-field appr. :
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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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<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]
<latexit sha1_base64="/IJCjamu2HjCFVKUPioq/Z6cezQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4scyooMuiiC4r2Ad0xpLJZNrQJDMkGaEM070bf8WNC0Xc+gHu/BvTdhbaeiBwOOdcbu7xY0aVtu1vq7CwuLS8Ulwtra1vbG6Vt3eaKkokJg0csUi2faQIo4I0NNWMtGNJEPcZafmDy7HfeiBS0Ujc6WFMPI56goYUI22kbrmSuhgxeJWNRqNO6vohvCZNFweRhiG/T49OsswzKbtqTwDniZOTCshR75a/3CDCCSdCY4aU6jh2rL0USU0xI1nJTRSJER6gHukYKhAnyksnx2TwwCgBDCNpntBwov6eSBFXash9k+RI99WsNxb/8zqJDs+9lIo40UTg6aIwYVBHcNwMDKgkWLOhIQhLav4KcR9JhLXpr2RKcGZPnifN46pjV53b00rtIq+jCPbAPjgEDjgDNXAD6qABMHgEz+AVvFlP1ov1bn1MowUrn9kFf2B9/gA3lJsR</latexit><latexit sha1_base64="/IJCjamu2HjCFVKUPioq/Z6cezQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4scyooMuiiC4r2Ad0xpLJZNrQJDMkGaEM070bf8WNC0Xc+gHu/BvTdhbaeiBwOOdcbu7xY0aVtu1vq7CwuLS8Ulwtra1vbG6Vt3eaKkokJg0csUi2faQIo4I0NNWMtGNJEPcZafmDy7HfeiBS0Ujc6WFMPI56goYUI22kbrmSuhgxeJWNRqNO6vohvCZNFweRhiG/T49OsswzKbtqTwDniZOTCshR75a/3CDCCSdCY4aU6jh2rL0USU0xI1nJTRSJER6gHukYKhAnyksnx2TwwCgBDCNpntBwov6eSBFXash9k+RI99WsNxb/8zqJDs+9lIo40UTg6aIwYVBHcNwMDKgkWLOhIQhLav4KcR9JhLXpr2RKcGZPnifN46pjV53b00rtIq+jCPbAPjgEDjgDNXAD6qABMHgEz+AVvFlP1ov1bn1MowUrn9kFf2B9/gA3lJsR</latexit><latexit sha1_base64="/IJCjamu2HjCFVKUPioq/Z6cezQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4scyooMuiiC4r2Ad0xpLJZNrQJDMkGaEM070bf8WNC0Xc+gHu/BvTdhbaeiBwOOdcbu7xY0aVtu1vq7CwuLS8Ulwtra1vbG6Vt3eaKkokJg0csUi2faQIo4I0NNWMtGNJEPcZafmDy7HfeiBS0Ujc6WFMPI56goYUI22kbrmSuhgxeJWNRqNO6vohvCZNFweRhiG/T49OsswzKbtqTwDniZOTCshR75a/3CDCCSdCY4aU6jh2rL0USU0xI1nJTRSJER6gHukYKhAnyksnx2TwwCgBDCNpntBwov6eSBFXash9k+RI99WsNxb/8zqJDs+9lIo40UTg6aIwYVBHcNwMDKgkWLOhIQhLav4KcR9JhLXpr2RKcGZPnifN46pjV53b00rtIq+jCPbAPjgEDjgDNXAD6qABMHgEz+AVvFlP1ov1bn1MowUrn9kFf2B9/gA3lJsR</latexit><latexit sha1_base64="/IJCjamu2HjCFVKUPioq/Z6cezQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4scyooMuiiC4r2Ad0xpLJZNrQJDMkGaEM070bf8WNC0Xc+gHu/BvTdhbaeiBwOOdcbu7xY0aVtu1vq7CwuLS8Ulwtra1vbG6Vt3eaKkokJg0csUi2faQIo4I0NNWMtGNJEPcZafmDy7HfeiBS0Ujc6WFMPI56goYUI22kbrmSuhgxeJWNRqNO6vohvCZNFweRhiG/T49OsswzKbtqTwDniZOTCshR75a/3CDCCSdCY4aU6jh2rL0USU0xI1nJTRSJER6gHukYKhAnyksnx2TwwCgBDCNpntBwov6eSBFXash9k+RI99WsNxb/8zqJDs+9lIo40UTg6aIwYVBHcNwMDKgkWLOhIQhLav4KcR9JhLXpr2RKcGZPnifN46pjV53b00rtIq+jCPbAPjgEDjgDNXAD6qABMHgEz+AVvFlP1ov1bn1MowUrn9kFf2B9/gA3lJsR</latexit>

⇢ [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
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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+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587ped OGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit><latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587ped OGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit><latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587ped OGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit><latexit sha1_base64="vk1v77KJ4x74UZv/aKAyb72ZlJY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJkdnaZmRXCko/w4kERr36PN//GSbIHTSxoKKq66e4KUymM9bxvsra+sbm1Xdop7+7tHxxWjo5bJsk0xyZPZKI7ITMohcKmFVZiJ9XI4lBiOxzfzfz2E2ojEvVoJykGMRsqEQnOrJPaeS+MaGPar1S9mjcHXSV+QapQoNGvfPUGCc9iVJZLZkzX91Ib5ExbwSVOy73MYMr4mA2x66hiMZogn587ped OGdAo0a6UpXP190TOYmMmceg6Y2ZHZtmbif953cxGN0EuVJpZVHyxKMoktQmd/U4HQiO3cuII41q4WykfMc24dQmVXQj+8surpHVZ872a/3BVrd8WcZTgFM7gAny4hjrcQwOawGEMz/AKbyQlL+SdfCxa10gxcwJ/QD5/APIzj0w=</latexit>


GeV

fm3

�

<latexit sha1_base64="VDG6UeoNuNgketmml3exqv+btFU=">AAACCnicbVC7TsNAEDzzDOEVoKQ5iJCoIhuQoESigDJIJEGyTXS+rJMTZ591t0aKrNQ0/AoNBQjR8gV0/A2XxAWvqUYzs9rdiTIpDLrupzMzOze/sFhZqi6vrK6t1zY220blmkOLK6n0dcQMSJFCCwVKuM40sCSS0Iluz8Z+5w60ESq9wmEGYcL6qYgFZ2ilbm2nCKI4kBCjX5xDO1A2TOPk5nAUaNEfYDjq1upuw52A/iVeSeqkRLNb+wh6iucJpMglM8b33AzDgmkUXMKoGuQGMsZvWR98S1OWgAmLySsjumeVHo2VPUKlSCfq94mCJcYMk8gmE4YD89sbi/95fo7xSViINMsRUj5dFOeSoqLjXmhPaOAoh5YwroW9lfIB 04yjba9qS/B+v/yXtA8antvwLo/qpydlHRWyTXbJPvHIMTklF6RJWoSTe/JInsmL8+A8Oa/O2zQ645QzW+QHnPcvq1ma1g==</latexit><latexit sha1_base64="VDG6UeoNuNgketmml3exqv+btFU=">AAACCnicbVC7TsNAEDzzDOEVoKQ5iJCoIhuQoESigDJIJEGyTXS+rJMTZ591t0aKrNQ0/AoNBQjR8gV0/A2XxAWvqUYzs9rdiTIpDLrupzMzOze/sFhZqi6vrK6t1zY220blmkOLK6n0dcQMSJFCCwVKuM40sCSS0Iluz8Z+5w60ESq9wmEGYcL6qYgFZ2ilbm2nCKI4kBCjX5xDO1A2TOPk5nAUaNEfYDjq1upuw52A/iVeSeqkRLNb+wh6iucJpMglM8b33AzDgmkUXMKoGuQGMsZvWR98S1OWgAmLySsjumeVHo2VPUKlSCfq94mCJcYMk8gmE4YD89sbi/95fo7xSViINMsRUj5dFOeSoqLjXmhPaOAoh5YwroW9lfIB 04yjba9qS/B+v/yXtA8antvwLo/qpydlHRWyTXbJPvHIMTklF6RJWoSTe/JInsmL8+A8Oa/O2zQ645QzW+QHnPcvq1ma1g==</latexit><latexit sha1_base64="VDG6UeoNuNgketmml3exqv+btFU=">AAACCnicbVC7TsNAEDzzDOEVoKQ5iJCoIhuQoESigDJIJEGyTXS+rJMTZ591t0aKrNQ0/AoNBQjR8gV0/A2XxAWvqUYzs9rdiTIpDLrupzMzOze/sFhZqi6vrK6t1zY220blmkOLK6n0dcQMSJFCCwVKuM40sCSS0Iluz8Z+5w60ESq9wmEGYcL6qYgFZ2ilbm2nCKI4kBCjX5xDO1A2TOPk5nAUaNEfYDjq1upuw52A/iVeSeqkRLNb+wh6iucJpMglM8b33AzDgmkUXMKoGuQGMsZvWR98S1OWgAmLySsjumeVHo2VPUKlSCfq94mCJcYMk8gmE4YD89sbi/95fo7xSViINMsRUj5dFOeSoqLjXmhPaOAoh5YwroW9lfIB 04yjba9qS/B+v/yXtA8antvwLo/qpydlHRWyTXbJPvHIMTklF6RJWoSTe/JInsmL8+A8Oa/O2zQ645QzW+QHnPcvq1ma1g==</latexit><latexit sha1_base64="VDG6UeoNuNgketmml3exqv+btFU=">AAACCnicbVC7TsNAEDzzDOEVoKQ5iJCoIhuQoESigDJIJEGyTXS+rJMTZ591t0aKrNQ0/AoNBQjR8gV0/A2XxAWvqUYzs9rdiTIpDLrupzMzOze/sFhZqi6vrK6t1zY220blmkOLK6n0dcQMSJFCCwVKuM40sCSS0Iluz8Z+5w60ESq9wmEGYcL6qYgFZ2ilbm2nCKI4kBCjX5xDO1A2TOPk5nAUaNEfYDjq1upuw52A/iVeSeqkRLNb+wh6iucJpMglM8b33AzDgmkUXMKoGuQGMsZvWR98S1OWgAmLySsjumeVHo2VPUKlSCfq94mCJcYMk8gmE4YD89sbi/95fo7xSViINMsRUj5dFOeSoqLjXmhPaOAoh5YwroW9lfIB 04yjba9qS/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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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
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Strangeness in the neutron star core ? 
New developments: hyperon-nuclear interactions from  
Chiral SU(3) Effective Field Theory

⇢ . 2⇢0
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ChEFT + (non-perturbative) FRG may work for 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
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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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PRELIMINARY

Extensive and more detailed calculations in progress (D. Gerstung,  N. Kaiser,  W. W. )
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Ernest M. Henley

After short stints as a

research associate at

Stanford University and

lecturer at Columbia

University, Henley joined

the UW faculty in 1954 as

an assistant professor. He

was promoted to associate

professor in 1957 and full

professor in 1961. Before

becoming dean of the

College of Arts & Sciences,

Henley served as chair of

the UW Faculty Senate from

1971 to 1972 and chair of the Department of Physics from 1973

to 1976. Along with Wick Haxton, he was a central force in

building the UW Institute for Nuclear Theory and served as its

inaugural director from 1990 to 1991. Henley became a

professor emeritus in 1995.

“Ernest Henley was universally respected throughout the field of

physics as a man of creativity, honesty and great common

sense,” said UW physics professor Gerald Miller, one of Henley’s

longtime colleagues. “And around the UW campus, he was

known and celebrated for his warmth and integrity.”

Over the course of his research career, Henley studied

“symmetries” in nuclear physics. Symmetries are patterns in the

theories regarding the fundamental, physical interactions of our

universe. Henley and his contemporaries investigated the

properties of subatomic particles to understand when they

behave consistently with a given symmetry and when they do

not.

Henley’s work largely focused on three types of symmetry: time-

reversal, whether forces are the same forward and backward in

time; parity, whether a force or interaction is the same as its

mirror image; and isospin, how forces and masses of the
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