
We only have compelling 
knowledge of the properties 
of QCD matter at high T and 
very small baryon density,.

We have strong evidence for 
the equation of state for very 
small T and high T from static 

properties of neutron stars 
and their collisions.  

All the rest is at best 
educated conjecture and at 

worst idle speculation.  Later 
in the talk I will engage in 

some speculation

It is not what you don’t know 
that gets you in trouble, it is 
what you think you know but 
you don’t.    Mark Twain

Work with Sanjay Reddy  PRL 122 (2019) 122701; 
with Srimoyee Sen and Kiesang Jeon, arXiv:1908.04799



Quarkyonic Matter:

Confinement at finite temperature disappears because the Debye screening length become 
shorter than the confinement scale.  Gluons give

1/r2Debye ⇠ g2NcT
2
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At large number of colors

g2Nc = g2
tHooft
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\is held fixed, so that the deconfinement temperature is of order the QCD scale 

At finite density on the other hand because there are only N_c quarks

1/r2
Debye

⇠ g2µ2
quark

⇠ g2
tHooft

µ2
quark

/Nc
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In the large N_c limit,  at finite density and zero  temperature limit, 
the deconfinement chemical potential is 

µqaurk ⇠
p

Nc⇤QCD >> ⇤QCD
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with Pisarski
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nbaryon ⇠ e(µB�E)/T ⇠ eNc(µQ�EQ)/T
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No baryons for µqaurk < Mnucleon/Nc ⇠ ⇤QCD
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mesons and 

very few 
nucleons

Hadronic 
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Confined quarks and 
baryons, mesons and 

glueballs

Quarkyonic Matter

Unconfined quarks and gluons
Quark Gluon Plasma



µquark >> ⇤QCD

⇠ ⇤QCD

Fermi Surface
Interactions sensitive to 

infrared
Degrees of freedom: 
baryons,mesons and 

glueballs

Fermi Sea:  Dominated by 
exchange interactions which 

are less sensitive to IR.  
Degrees of freedom are 

quarks

Fermi Surface is Non-perturbative



Chiral Symmetry Breaking and the Quarkyonic Phase

Scalar sigma meson condensation near the Fermi surface:  particle 
hole

A small relative momentum of particle antiparticle requires that 
particle and antiparticle each have momentum of order the fermi 

momentum

Condensate breaks translational and rotational invariance

In fact there are many possibilities of patching together a discrete 
number of such condensates, as seen in model computations by Kojo, 

Pisarski and Tsvelik
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Unconfined quarks and gluons
Quark Gluon Plasma

Chiral symmetry broken in 
translationally non-invariant wayChiral symmetry 

broken



Simple large N_c considerations

Near nuclear matter density

kF ⇠ ⇤QCD

On the other hand, short distance QCD interactions are of order N_c

✏/n�MN ⇠ Nc⇤QCD

✏/n�MN ⇠ ⇤2
QCD/2MN ⇠ ⇤QCD/Nc

But the density of hard cores is also 
parametrically of order 

⇤3
QCD



Tews, Carlso, Gandolfi and Reddy; Kojo;  Anala, Gorda, Kurkela and Vorinen

As a result of LIGO 
experiments, and more 
precise measurement of 

neutron star masses, 
the equation of state of 
nuclear matter at a few 

time nuclear matter 
density is tightly 

constrained

Typically sound velocity 
approaches and 
perhaps exceeds 

v2s = 1/3
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Sound velocity of order one has important consequences
For zero temperature Fermi gas:
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where the baryon chemical potential includes the effects of nucleon mass

So if the sound velocity is of order one,  an order one change in the baryon 
density generates a change in the baryon number chemical potential of order 

the nucleon mass

For nuclear matter densities
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⇤2
QCD
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Large sound velocities will require very large intrinsic energy scales, and a 
partial occupation of available nucleon phase space because density is not 

changing much while Fermi energy changes a lot



This can be understood in large N_c arguments:

kf ⇠ ⇤QCD
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requires µB �MN ⇠ ⇤QCD/Nc
<latexit sha1_base64="Sqpa3pblOGZ8qWZO0v/tbK7cwbM=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpqIoMvSunChpQX7gCaEyWTSDp1JwsxEKKF7N/6KGxeKuPUH3Pk3Th8LbT0wcDjnHu7c4yeMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9Lxh7WJ33kgQtI4ulejhLgc9SMaUoyUljyz6PDUq8JTeOfVoSMph86tTgfIy5q16/FZ3cOeWbLK1hRwmdhzUgJzNDzzywlinHISKcyQlD3bSpSbIaEoZmRccFJJEoSHqE96mkaIE+lm01vG8FgrAQxjoV+k4FT9ncgQl3LEfT3JkRrIRW8i/uf1UhVeuRmNklSRCM8WhSmDKoaTYmBABcGKjTRBWFD9V4gHSCCsdH0FXYK9ePIyaZ+XbatsNy9Kleq8jjw4AkVwAmxwCSrgBjRAC2DwCJ7BK3gznowX4934mI3mjHnmEPyB8fkDIp+ZNQ==</latexit><latexit sha1_base64="Sqpa3pblOGZ8qWZO0v/tbK7cwbM=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpqIoMvSunChpQX7gCaEyWTSDp1JwsxEKKF7N/6KGxeKuPUH3Pk3Th8LbT0wcDjnHu7c4yeMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9Lxh7WJ33kgQtI4ulejhLgc9SMaUoyUljyz6PDUq8JTeOfVoSMph86tTgfIy5q16/FZ3cOeWbLK1hRwmdhzUgJzNDzzywlinHISKcyQlD3bSpSbIaEoZmRccFJJEoSHqE96mkaIE+lm01vG8FgrAQxjoV+k4FT9ncgQl3LEfT3JkRrIRW8i/uf1UhVeuRmNklSRCM8WhSmDKoaTYmBABcGKjTRBWFD9V4gHSCCsdH0FXYK9ePIyaZ+XbatsNy9Kleq8jjw4AkVwAmxwCSrgBjRAC2DwCJ7BK3gznowX4934mI3mjHnmEPyB8fkDIp+ZNQ==</latexit><latexit sha1_base64="Sqpa3pblOGZ8qWZO0v/tbK7cwbM=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpqIoMvSunChpQX7gCaEyWTSDp1JwsxEKKF7N/6KGxeKuPUH3Pk3Th8LbT0wcDjnHu7c4yeMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9Lxh7WJ33kgQtI4ulejhLgc9SMaUoyUljyz6PDUq8JTeOfVoSMph86tTgfIy5q16/FZ3cOeWbLK1hRwmdhzUgJzNDzzywlinHISKcyQlD3bSpSbIaEoZmRccFJJEoSHqE96mkaIE+lm01vG8FgrAQxjoV+k4FT9ncgQl3LEfT3JkRrIRW8i/uf1UhVeuRmNklSRCM8WhSmDKoaTYmBABcGKjTRBWFD9V4gHSCCsdH0FXYK9ePIyaZ+XbatsNy9Kleq8jjw4AkVwAmxwCSrgBjRAC2DwCJ7BK3gznowX4934mI3mjHnmEPyB8fkDIp+ZNQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jjrxiyX/mxuBo/tdvf4j6qyS4Dc=">AAACAHicbZA7T8MwFIVvyquUAoWVxWqFxEJJWGBElIEBqlaiD6mpIsdxWqt2EtkOUhV1Z+GvsDCAEL+CjX+D+xig5UiWjs7xlX0/P+FMadv+tnJr6xubW/ntwk5xd2+/dFBsqziVhLZIzGPZ9bGinEW0pZnmtJtIioXPaccf1aZ955FKxeLoQY8T2hd4ELGQEaxN5JXKrki9a3SK7r06chUTyL0z0wH2smbtZnJW94hXqthVeya0apyFqcBCDa/05QYxSQWNNOFYqZ5jJ7qfYakZ4XRScFNFE0xGeEB7xkZYUNXPZrtM0LFJAhTG0pxIo1n6eyLDQqmx8M1NgfVQLXfT8L+ul+rwsp+xKEk1jcj8oTDlSMdoCgYFTFKi+dgYTCQzf0VkiCUm2uArGAjO8sqrpn1edeyq07QhD0dQhhNw4AKu4BYa0AICT/ACb/BuPVuv1sccV85acDuEP7I+fwCNwZe/</latexit><latexit sha1_base64="jjrxiyX/mxuBo/tdvf4j6qyS4Dc=">AAACAHicbZA7T8MwFIVvyquUAoWVxWqFxEJJWGBElIEBqlaiD6mpIsdxWqt2EtkOUhV1Z+GvsDCAEL+CjX+D+xig5UiWjs7xlX0/P+FMadv+tnJr6xubW/ntwk5xd2+/dFBsqziVhLZIzGPZ9bGinEW0pZnmtJtIioXPaccf1aZ955FKxeLoQY8T2hd4ELGQEaxN5JXKrki9a3SK7r06chUTyL0z0wH2smbtZnJW94hXqthVeya0apyFqcBCDa/05QYxSQWNNOFYqZ5jJ7qfYakZ4XRScFNFE0xGeEB7xkZYUNXPZrtM0LFJAhTG0pxIo1n6eyLDQqmx8M1NgfVQLXfT8L+ul+rwsp+xKEk1jcj8oTDlSMdoCgYFTFKi+dgYTCQzf0VkiCUm2uArGAjO8sqrpn1edeyq07QhD0dQhhNw4AKu4BYa0AICT/ACb/BuPVuv1sccV85acDuEP7I+fwCNwZe/</latexit><latexit sha1_base64="YSmk6Q5ypWRIHnXwiMlpnNTCZZI=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZBYKAkLjFXLwABVK9GH1ESR4zitVTuJbAepirqz8CssDCDEyg+w8Te4bQZoOZKlo3Pu0fU9fsKoVJb1baysrq1vbBa2its7u3v75sFhR8apwKSNYxaLno8kYTQibUUVI71EEMR9Rrr+qD71uw9ESBpH92qcEJejQURDipHSkmeWHJ56NXgG77wGdCTl0LnV6QB5Wat+PTlveNgzy1bFmgEuEzsnZZCj6ZlfThDjlJNIYYak7NtWotwMCUUxI5Oik0qSIDxCA9LXNEKcSDeb3TKBJ1oJYBgL/SIFZ+rvRIa4lGPu60mO1FAuelPxP6+fqvDKzWiUpIpEeL4oTBlUMZwWAwMqCFZsrAnCguq/QjxEAmGl6yvqEuzFk5dJ56JiWxW7ZZWrtbyOAjgGJXAKbHAJquAGNEEbYPAInsEreDOejBfj3fiYj64YeeYI/IHx+QMhX5kx</latexit><latexit sha1_base64="Sqpa3pblOGZ8qWZO0v/tbK7cwbM=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpqIoMvSunChpQX7gCaEyWTSDp1JwsxEKKF7N/6KGxeKuPUH3Pk3Th8LbT0wcDjnHu7c4yeMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9Lxh7WJ33kgQtI4ulejhLgc9SMaUoyUljyz6PDUq8JTeOfVoSMph86tTgfIy5q16/FZ3cOeWbLK1hRwmdhzUgJzNDzzywlinHISKcyQlD3bSpSbIaEoZmRccFJJEoSHqE96mkaIE+lm01vG8FgrAQxjoV+k4FT9ncgQl3LEfT3JkRrIRW8i/uf1UhVeuRmNklSRCM8WhSmDKoaTYmBABcGKjTRBWFD9V4gHSCCsdH0FXYK9ePIyaZ+XbatsNy9Kleq8jjw4AkVwAmxwCSrgBjRAC2DwCJ7BK3gznowX4934mI3mjHnmEPyB8fkDIp+ZNQ==</latexit><latexit sha1_base64="Sqpa3pblOGZ8qWZO0v/tbK7cwbM=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpqIoMvSunChpQX7gCaEyWTSDp1JwsxEKKF7N/6KGxeKuPUH3Pk3Th8LbT0wcDjnHu7c4yeMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9Lxh7WJ33kgQtI4ulejhLgc9SMaUoyUljyz6PDUq8JTeOfVoSMph86tTgfIy5q16/FZ3cOeWbLK1hRwmdhzUgJzNDzzywlinHISKcyQlD3bSpSbIaEoZmRccFJJEoSHqE96mkaIE+lm01vG8FgrAQxjoV+k4FT9ncgQl3LEfT3JkRrIRW8i/uf1UhVeuRmNklSRCM8WhSmDKoaTYmBABcGKjTRBWFD9V4gHSCCsdH0FXYK9ePIyaZ+XbatsNy9Kleq8jjw4AkVwAmxwCSrgBjRAC2DwCJ7BK3gznowX4934mI3mjHnmEPyB8fkDIp+ZNQ==</latexit><latexit sha1_base64="Sqpa3pblOGZ8qWZO0v/tbK7cwbM=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpqIoMvSunChpQX7gCaEyWTSDp1JwsxEKKF7N/6KGxeKuPUH3Pk3Th8LbT0wcDjnHu7c4yeMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9Lxh7WJ33kgQtI4ulejhLgc9SMaUoyUljyz6PDUq8JTeOfVoSMph86tTgfIy5q16/FZ3cOeWbLK1hRwmdhzUgJzNDzzywlinHISKcyQlD3bSpSbIaEoZmRccFJJEoSHqE96mkaIE+lm01vG8FgrAQxjoV+k4FT9ncgQl3LEfT3JkRrIRW8i/uf1UhVeuRmNklSRCM8WhSmDKoaTYmBABcGKjTRBWFD9V4gHSCCsdH0FXYK9ePIyaZ+XbatsNy9Kleq8jjw4AkVwAmxwCSrgBjRAC2DwCJ7BK3gznowX4934mI3mjHnmEPyB8fkDIp+ZNQ==</latexit><latexit sha1_base64="Sqpa3pblOGZ8qWZO0v/tbK7cwbM=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpqIoMvSunChpQX7gCaEyWTSDp1JwsxEKKF7N/6KGxeKuPUH3Pk3Th8LbT0wcDjnHu7c4yeMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9Lxh7WJ33kgQtI4ulejhLgc9SMaUoyUljyz6PDUq8JTeOfVoSMph86tTgfIy5q16/FZ3cOeWbLK1hRwmdhzUgJzNDzzywlinHISKcyQlD3bSpSbIaEoZmRccFJJEoSHqE96mkaIE+lm01vG8FgrAQxjoV+k4FT9ncgQl3LEfT3JkRrIRW8i/uf1UhVeuRmNklSRCM8WhSmDKoaTYmBABcGKjTRBWFD9V4gHSCCsdH0FXYK9ePIyaZ+XbatsNy9Kleq8jjw4AkVwAmxwCSrgBjRAC2DwCJ7BK3gznowX4934mI3mjHnmEPyB8fkDIp+ZNQ==</latexit><latexit sha1_base64="Sqpa3pblOGZ8qWZO0v/tbK7cwbM=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpqIoMvSunChpQX7gCaEyWTSDp1JwsxEKKF7N/6KGxeKuPUH3Pk3Th8LbT0wcDjnHu7c4yeMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9Lxh7WJ33kgQtI4ulejhLgc9SMaUoyUljyz6PDUq8JTeOfVoSMph86tTgfIy5q16/FZ3cOeWbLK1hRwmdhzUgJzNDzzywlinHISKcyQlD3bSpSbIaEoZmRccFJJEoSHqE96mkaIE+lm01vG8FgrAQxjoV+k4FT9ncgQl3LEfT3JkRrIRW8i/uf1UhVeuRmNklSRCM8WhSmDKoaTYmBABcGKjTRBWFD9V4gHSCCsdH0FXYK9ePIyaZ+XbatsNy9Kleq8jjw4AkVwAmxwCSrgBjRAC2DwCJ7BK3gznowX4934mI3mjHnmEPyB8fkDIp+ZNQ==</latexit><latexit sha1_base64="Sqpa3pblOGZ8qWZO0v/tbK7cwbM=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgxpqIoMvSunChpQX7gCaEyWTSDp1JwsxEKKF7N/6KGxeKuPUH3Pk3Th8LbT0wcDjnHu7c4yeMSmVZ30ZuZXVtfSO/Wdja3tndM/cP2jJOBSYtHLNYdH0kCaMRaSmqGOkmgiDuM9Lxh7WJ33kgQtI4ulejhLgc9SMaUoyUljyz6PDUq8JTeOfVoSMph86tTgfIy5q16/FZ3cOeWbLK1hRwmdhzUgJzNDzzywlinHISKcyQlD3bSpSbIaEoZmRccFJJEoSHqE96mkaIE+lm01vG8FgrAQxjoV+k4FT9ncgQl3LEfT3JkRrIRW8i/uf1UhVeuRmNklSRCM8WhSmDKoaTYmBABcGKjTRBWFD9V4gHSCCsdH0FXYK9ePIyaZ+XbatsNy9Kleq8jjw4AkVwAmxwCSrgBjRAC2DwCJ7BK3gznowX4934mI3mjHnmEPyB8fkDIp+ZNQ==</latexit>

Is it possible to get relativistic degrees of freedom with quarks?
Quarks should become important when

µQ = µB/Nc ⇠ ⇤QCD
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The hypothesis of quarkyonic matter implies there is no confining transition, nor 
need there be any chiral transition that separates baryon matter from quark matter.  

Might they be smoothly connected?    This  would require a transition when the 
baryon Fermi energy is very close to the nucleon mass, so the transition may in 

principle occur quite close to nuclear matter density.  To understand this, we do N_c
counting

The obvious problem is that how can the density stay fixed if the Fermi momentum goes up.  It is solved 
by having the nucleon sit on a shell of varying thickness as the density increases.  The added baryon 
number has to come in the form of new degrees of freedom: quarks, that fill up a Fermi sea
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Density is of order one in power of N_c for 
baryon density computed both by both 
quark and nucleon degree of freedom

The problem is that if we take a constituent quark model
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If there is a continuous transition then the baryon density will have to remain fixed, so 
the chemical potential will change by of order N_c.  The sound velocity is changing for a 
very non-relativistic system to a very relativistic one.  The equation of state is therefore 

very stiff which is what is required from observation

But quark density is of order 
N_c (each quark carries 

baryon number 1/N_c), so 
energy density can also be 

continuous
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<latexit sha1_base64="i/UGcpqg+HKgVddWCP/N1SbjKbE=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjfOy9XrvI4iOALH4BTY4AJUwS2ogybA4AW8gQ/wabwa78bY+JqNFow8cwjmYPz8AmfJo3c=</latexit><latexit sha1_base64="i/UGcpqg+HKgVddWCP/N1SbjKbE=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjfOy9XrvI4iOALH4BTY4AJUwS2ogybA4AW8gQ/wabwa78bY+JqNFow8cwjmYPz8AmfJo3c=</latexit><latexit sha1_base64="i/UGcpqg+HKgVddWCP/N1SbjKbE=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjfOy9XrvI4iOALH4BTY4AJUwS2ogybA4AW8gQ/wabwa78bY+JqNFow8cwjmYPz8AmfJo3c=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jAUFJdj8oQE3h6kQVr5g/CSf4I8=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAIrsqMCIoroS5ciLRgH9AZh0wmbUMzmTHJCGXof3HjX3HjQilu/Demj4VtPRD4OCeX5J4w5Uxpx/mx1tY3Nre2CzvF3dLe/oF9WGqqJJOENkjCE9kOsaKcCdrQTHPaTiXFcchpKxxUJ3nrhUrFEvGohyn1Y9wTrMsI1sYK7GuPpopxg3XkKRYj794MRzjI69XbERLB88x+CMhi9HQR2GWn4kyFVsGdQxnmqgX22IsSksVUaMKxUh3XSbWfY6kZ4XRU9DJFU0wGuEc7BgWOqfLz6Y4jdGqcCHUTaY7QaOr+nchxrNQwDs3NGOu+Ws4m5n9ZJ9PdKz9nIs00FWT2UDfjSCdoUhiKmKRE86EBTCQzf0WkjyUm2tRaNCW4yyuvQvO84joVt+5AAY7hBM7AhUu4gTuoQQMIvMI7fMKX9WZ9WONZXWvWvLcjWJD1/QtmZaHp</latexit><latexit sha1_base64="jAUFJdj8oQE3h6kQVr5g/CSf4I8=">AAACGHicbZBLSwMxFIXv+Ky16ujWTbAIrsqMCIoroS5ciLRgH9AZh0wmbUMzmTHJCGXof3HjX3HjQilu/Demj4VtPRD4OCeX5J4w5Uxpx/mx1tY3Nre2CzvF3dLe/oF9WGqqJJOENkjCE9kOsaKcCdrQTHPaTiXFcchpKxxUJ3nrhUrFEvGohyn1Y9wTrMsI1sYK7GuPpopxg3XkKRYj794MRzjI69XbERLB88x+CMhi9HQR2GWn4kyFVsGdQxnmqgX22IsSksVUaMKxUh3XSbWfY6kZ4XRU9DJFU0wGuEc7BgWOqfLz6Y4jdGqcCHUTaY7QaOr+nchxrNQwDs3NGOu+Ws4m5n9ZJ9PdKz9nIs00FWT2UDfjSCdoUhiKmKRE86EBTCQzf0WkjyUm2tRaNCW4yyuvQvO84joVt+5AAY7hBM7AhUu4gTuoQQMIvMI7fMKX9WZ9WONZXWvWvLcjWJD1/QtmZaHp</latexit><latexit sha1_base64="IVlYqnmiH1o4vxYr10LfakkCju0=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjescvU6r6MIjsAxOAU2uABVcAvqoAkweAFv4AN8Gq/GuzE2vmajBSPPHII5GD+/Zomjcw==</latexit><latexit sha1_base64="i/UGcpqg+HKgVddWCP/N1SbjKbE=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjfOy9XrvI4iOALH4BTY4AJUwS2ogybA4AW8gQ/wabwa78bY+JqNFow8cwjmYPz8AmfJo3c=</latexit><latexit sha1_base64="i/UGcpqg+HKgVddWCP/N1SbjKbE=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjfOy9XrvI4iOALH4BTY4AJUwS2ogybA4AW8gQ/wabwa78bY+JqNFow8cwjmYPz8AmfJo3c=</latexit><latexit sha1_base64="i/UGcpqg+HKgVddWCP/N1SbjKbE=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjfOy9XrvI4iOALH4BTY4AJUwS2ogybA4AW8gQ/wabwa78bY+JqNFow8cwjmYPz8AmfJo3c=</latexit><latexit sha1_base64="i/UGcpqg+HKgVddWCP/N1SbjKbE=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjfOy9XrvI4iOALH4BTY4AJUwS2ogybA4AW8gQ/wabwa78bY+JqNFow8cwjmYPz8AmfJo3c=</latexit><latexit sha1_base64="i/UGcpqg+HKgVddWCP/N1SbjKbE=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjfOy9XrvI4iOALH4BTY4AJUwS2ogybA4AW8gQ/wabwa78bY+JqNFow8cwjmYPz8AmfJo3c=</latexit><latexit sha1_base64="i/UGcpqg+HKgVddWCP/N1SbjKbE=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRFFfFunAh0oJ9QBPDZDJph04mcWYilNB/ceOvuHGhFDcu/BenbRa29cDA4Zx7uHOPnzAqlWV9G4WV1bX1jeJmaWt7Z3fP3D9oyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsf1CZ++5kISWP+oIYJcSPU4zSkGCkteeaVQxJJmaYN6EgaQedOhwPkZY3azQhy72km33t43no898yyVbGmgMvEzkkZ5Kh75tgJYpxGhCvMkJRd20qUmyGhKGZkVHJSSRKEB6hHuppyFBHpZtMbR/BEKwEMY6EfV3Cq/k1kKJJyGPl6MkKqLxe9ifif101VeOlmlCepIhzPFoUpgyqGk8JgQAXBig01QVhQ/VeI+0ggrHStJV2CvXjyMmmdVWyrYjfOy9XrvI4iOALH4BTY4AJUwS2ogybA4AW8gQ/wabwa78bY+JqNFow8cwjmYPz8AmfJo3c=</latexit>

✏B = MN⇤3
QCD ⇠ Nc⇤

4
QCD



The pressure on the other hand  must 
jump by order N_c squaredP ⇠ kF

MB
✏N

<latexit sha1_base64="nIKq7YmUaZu1jYuBe1En3B0luaw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWZE0GWpIG6UCvYBnWHIpGkbmseQZIQydO3GX3HjQhG3foE7/8a0nYW2HggczjmXm3vihFFtPO/bKSwtr6yuFddLG5tb2zvu7l5Ty1Rh0sCSSdWOkSaMCtIw1DDSThRBPGakFQ8vJ37rgShNpbg3o4SEHPUF7VGMjJUi97AOA005zIbRVSBtEsKbqDaGAUk0ZTZxG7llr+JNAReJn5MyyFGP3K+gK3HKiTCYIa07vpeYMEPKUMzIuBSkmiQID1GfdCwViBMdZtNTxvDYKl3Yk8o+YeBU/T2RIa71iMc2yZEZ6HlvIv7ndVLTuwgzKpLUEIFni3opg0bCSS+wSxXBho0sQVhR+1eIB0ghbGx7JVuCP3/yImmeVnyv4t+dlau1vI4iOABH4AT44BxUwTWogwbA4BE8g1fw5jw5L8678zGLFpx8Zh/8gfP5A6jAmZs=</latexit><latexit sha1_base64="nIKq7YmUaZu1jYuBe1En3B0luaw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWZE0GWpIG6UCvYBnWHIpGkbmseQZIQydO3GX3HjQhG3foE7/8a0nYW2HggczjmXm3vihFFtPO/bKSwtr6yuFddLG5tb2zvu7l5Ty1Rh0sCSSdWOkSaMCtIw1DDSThRBPGakFQ8vJ37rgShNpbg3o4SEHPUF7VGMjJUi97AOA005zIbRVSBtEsKbqDaGAUk0ZTZxG7llr+JNAReJn5MyyFGP3K+gK3HKiTCYIa07vpeYMEPKUMzIuBSkmiQID1GfdCwViBMdZtNTxvDYKl3Yk8o+YeBU/T2RIa71iMc2yZEZ6HlvIv7ndVLTuwgzKpLUEIFni3opg0bCSS+wSxXBho0sQVhR+1eIB0ghbGx7JVuCP3/yImmeVnyv4t+dlau1vI4iOABH4AT44BxUwTWogwbA4BE8g1fw5jw5L8678zGLFpx8Zh/8gfP5A6jAmZs=</latexit><latexit sha1_base64="nIKq7YmUaZu1jYuBe1En3B0luaw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWZE0GWpIG6UCvYBnWHIpGkbmseQZIQydO3GX3HjQhG3foE7/8a0nYW2HggczjmXm3vihFFtPO/bKSwtr6yuFddLG5tb2zvu7l5Ty1Rh0sCSSdWOkSaMCtIw1DDSThRBPGakFQ8vJ37rgShNpbg3o4SEHPUF7VGMjJUi97AOA005zIbRVSBtEsKbqDaGAUk0ZTZxG7llr+JNAReJn5MyyFGP3K+gK3HKiTCYIa07vpeYMEPKUMzIuBSkmiQID1GfdCwViBMdZtNTxvDYKl3Yk8o+YeBU/T2RIa71iMc2yZEZ6HlvIv7ndVLTuwgzKpLUEIFni3opg0bCSS+wSxXBho0sQVhR+1eIB0ghbGx7JVuCP3/yImmeVnyv4t+dlau1vI4iOABH4AT44BxUwTWogwbA4BE8g1fw5jw5L8678zGLFpx8Zh/8gfP5A6jAmZs=</latexit><latexit sha1_base64="nIKq7YmUaZu1jYuBe1En3B0luaw=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWZE0GWpIG6UCvYBnWHIpGkbmseQZIQydO3GX3HjQhG3foE7/8a0nYW2HggczjmXm3vihFFtPO/bKSwtr6yuFddLG5tb2zvu7l5Ty1Rh0sCSSdWOkSaMCtIw1DDSThRBPGakFQ8vJ37rgShNpbg3o4SEHPUF7VGMjJUi97AOA005zIbRVSBtEsKbqDaGAUk0ZTZxG7llr+JNAReJn5MyyFGP3K+gK3HKiTCYIa07vpeYMEPKUMzIuBSkmiQID1GfdCwViBMdZtNTxvDYKl3Yk8o+YeBU/T2RIa71iMc2yZEZ6HlvIv7ndVLTuwgzKpLUEIFni3opg0bCSS+wSxXBho0sQVhR+1eIB0ghbGx7JVuCP3/yImmeVnyv4t+dlau1vI4iOABH4AT44BxUwTWogwbA4BE8g1fw5jw5L8678zGLFpx8Zh/8gfP5A6jAmZs=</latexit>

P ⇠ ✏q
<latexit sha1_base64="XterrZEB7k433DQ4u9x9LMqvvm4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YAmlM120i7d3cTdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aOskUhSZNeKI6EdHAmYSmYYZDJ1VARMShHY2up377AZRmibwz4xRCQQaSxYwSY6WeW2ngQDOBA0g141a577lVr+bNgJeJX5AqKtDouV9BP6GZAGkoJ1p3fS81YU6UYZTDpBxkGlJCR2QAXUslEaDDfHb6BJ9YpY/jRNmSBs/U3xM5EVqPRWQ7BTFDvehNxf+8bmbiyzBnMs0MSDpfFGccmwRPc8B9poAaPraEUMXsrZgOiSLU2LTKNgR/8eVl0jqr+V7Nvz2v1q+KOEroCB2jU+SjC1RHN6iBmoiiR/SMXtGb8+S8OO/Ox7x1xSlmDtEfOJ8/ySGTsA==</latexit><latexit sha1_base64="XterrZEB7k433DQ4u9x9LMqvvm4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YAmlM120i7d3cTdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aOskUhSZNeKI6EdHAmYSmYYZDJ1VARMShHY2up377AZRmibwz4xRCQQaSxYwSY6WeW2ngQDOBA0g141a577lVr+bNgJeJX5AqKtDouV9BP6GZAGkoJ1p3fS81YU6UYZTDpBxkGlJCR2QAXUslEaDDfHb6BJ9YpY/jRNmSBs/U3xM5EVqPRWQ7BTFDvehNxf+8bmbiyzBnMs0MSDpfFGccmwRPc8B9poAaPraEUMXsrZgOiSLU2LTKNgR/8eVl0jqr+V7Nvz2v1q+KOEroCB2jU+SjC1RHN6iBmoiiR/SMXtGb8+S8OO/Ox7x1xSlmDtEfOJ8/ySGTsA==</latexit><latexit sha1_base64="XterrZEB7k433DQ4u9x9LMqvvm4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YAmlM120i7d3cTdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aOskUhSZNeKI6EdHAmYSmYYZDJ1VARMShHY2up377AZRmibwz4xRCQQaSxYwSY6WeW2ngQDOBA0g141a577lVr+bNgJeJX5AqKtDouV9BP6GZAGkoJ1p3fS81YU6UYZTDpBxkGlJCR2QAXUslEaDDfHb6BJ9YpY/jRNmSBs/U3xM5EVqPRWQ7BTFDvehNxf+8bmbiyzBnMs0MSDpfFGccmwRPc8B9poAaPraEUMXsrZgOiSLU2LTKNgR/8eVl0jqr+V7Nvz2v1q+KOEroCB2jU+SjC1RHN6iBmoiiR/SMXtGb8+S8OO/Ox7x1xSlmDtEfOJ8/ySGTsA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="4Pw3nJMDyATZzV8BYVUVgcz/0Lc=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3LisYB/QGUomvdOGJpkxySil9qe4caGI/8ad/8b0sdDWA4GPcxLuzUlywY0Ngm9vY3Nre2e3tFferxwcHvnVSstkhWbYZJnIdCehBgVX2LTcCuzkGqlMBLaT0c0sbz+iNjxT93acYyzpQPGUM2qd1fOrDRIZLkmEueHCOQ89vxbUg7nIOoRLqMFSjZ7/FfUzVkhUlglqTDcMchtPqLacCZyWo8JgTtmIDrDrUFGJJp7MV5+SM+f0SZppd5Qlc/f3iwmVxoxl4m5KaodmNZuZ/2XdwqZX8YSrvLCo2GJQWghiMzLrgfS5RmbF2AFlmrtdCRtSTZl1bZVdCeHql9ehdVEPg3p4F0AJTuAUziGES7iGW2hAExg8wQu8wbv37L16H4u6Nrxlb8fwR97nD237kks=</latexit><latexit sha1_base64="4Pw3nJMDyATZzV8BYVUVgcz/0Lc=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3LisYB/QGUomvdOGJpkxySil9qe4caGI/8ad/8b0sdDWA4GPcxLuzUlywY0Ngm9vY3Nre2e3tFferxwcHvnVSstkhWbYZJnIdCehBgVX2LTcCuzkGqlMBLaT0c0sbz+iNjxT93acYyzpQPGUM2qd1fOrDRIZLkmEueHCOQ89vxbUg7nIOoRLqMFSjZ7/FfUzVkhUlglqTDcMchtPqLacCZyWo8JgTtmIDrDrUFGJJp7MV5+SM+f0SZppd5Qlc/f3iwmVxoxl4m5KaodmNZuZ/2XdwqZX8YSrvLCo2GJQWghiMzLrgfS5RmbF2AFlmrtdCRtSTZl1bZVdCeHql9ehdVEPg3p4F0AJTuAUziGES7iGW2hAExg8wQu8wbv37L16H4u6Nrxlb8fwR97nD237kks=</latexit><latexit sha1_base64="NmJf3PbiLFzO4x5SLXkOOqaY+Fk=">AAAB+nicbVA9T8MwEL2Ur1K+UhhZLCokpiphgbGChbFI9ENqospxndaq7QTbAVWhP4WFAYRY+SVs/BvcNgO0POmkp/fudHcvSjnTxvO+ndLa+sbmVnm7srO7t3/gVg/bOskUoS2S8ER1I6wpZ5K2DDOcdlNFsYg47UTj65nfeaBKs0TemUlKQ4GHksWMYGOlvlttokAzgQKaasatct93a17dmwOtEr8gNSjQ7LtfwSAhmaDSEI617vleasIcK8MIp9NKkGmaYjLGQ9qzVGJBdZjPT5+iU6sMUJwoW9Kgufp7IsdC64mIbKfAZqSXvZn4n9fLTHwZ5kymmaGSLBbFGUcmQbMc0IApSgyfWIKJYvZWREZYYWJsWhUbgr/88ippn9d9r+7ferXGVRFHGY7hBM7AhwtowA00oQUEHuEZXuHNeXJenHfnY9FacoqZI/gD5/MHx+GTrA==</latexit><latexit sha1_base64="XterrZEB7k433DQ4u9x9LMqvvm4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YAmlM120i7d3cTdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aOskUhSZNeKI6EdHAmYSmYYZDJ1VARMShHY2up377AZRmibwz4xRCQQaSxYwSY6WeW2ngQDOBA0g141a577lVr+bNgJeJX5AqKtDouV9BP6GZAGkoJ1p3fS81YU6UYZTDpBxkGlJCR2QAXUslEaDDfHb6BJ9YpY/jRNmSBs/U3xM5EVqPRWQ7BTFDvehNxf+8bmbiyzBnMs0MSDpfFGccmwRPc8B9poAaPraEUMXsrZgOiSLU2LTKNgR/8eVl0jqr+V7Nvz2v1q+KOEroCB2jU+SjC1RHN6iBmoiiR/SMXtGb8+S8OO/Ox7x1xSlmDtEfOJ8/ySGTsA==</latexit><latexit sha1_base64="XterrZEB7k433DQ4u9x9LMqvvm4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YAmlM120i7d3cTdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aOskUhSZNeKI6EdHAmYSmYYZDJ1VARMShHY2up377AZRmibwz4xRCQQaSxYwSY6WeW2ngQDOBA0g141a577lVr+bNgJeJX5AqKtDouV9BP6GZAGkoJ1p3fS81YU6UYZTDpBxkGlJCR2QAXUslEaDDfHb6BJ9YpY/jRNmSBs/U3xM5EVqPRWQ7BTFDvehNxf+8bmbiyzBnMs0MSDpfFGccmwRPc8B9poAaPraEUMXsrZgOiSLU2LTKNgR/8eVl0jqr+V7Nvz2v1q+KOEroCB2jU+SjC1RHN6iBmoiiR/SMXtGb8+S8OO/Ox7x1xSlmDtEfOJ8/ySGTsA==</latexit><latexit sha1_base64="XterrZEB7k433DQ4u9x9LMqvvm4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YAmlM120i7d3cTdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aOskUhSZNeKI6EdHAmYSmYYZDJ1VARMShHY2up377AZRmibwz4xRCQQaSxYwSY6WeW2ngQDOBA0g141a577lVr+bNgJeJX5AqKtDouV9BP6GZAGkoJ1p3fS81YU6UYZTDpBxkGlJCR2QAXUslEaDDfHb6BJ9YpY/jRNmSBs/U3xM5EVqPRWQ7BTFDvehNxf+8bmbiyzBnMs0MSDpfFGccmwRPc8B9poAaPraEUMXsrZgOiSLU2LTKNgR/8eVl0jqr+V7Nvz2v1q+KOEroCB2jU+SjC1RHN6iBmoiiR/SMXtGb8+S8OO/Ox7x1xSlmDtEfOJ8/ySGTsA==</latexit><latexit sha1_base64="XterrZEB7k433DQ4u9x9LMqvvm4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YAmlM120i7d3cTdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aOskUhSZNeKI6EdHAmYSmYYZDJ1VARMShHY2up377AZRmibwz4xRCQQaSxYwSY6WeW2ngQDOBA0g141a577lVr+bNgJeJX5AqKtDouV9BP6GZAGkoJ1p3fS81YU6UYZTDpBxkGlJCR2QAXUslEaDDfHb6BJ9YpY/jRNmSBs/U3xM5EVqPRWQ7BTFDvehNxf+8bmbiyzBnMs0MSDpfFGccmwRPc8B9poAaPraEUMXsrZgOiSLU2LTKNgR/8eVl0jqr+V7Nvz2v1q+KOEroCB2jU+SjC1RHN6iBmoiiR/SMXtGb8+S8OO/Ox7x1xSlmDtEfOJ8/ySGTsA==</latexit><latexit sha1_base64="XterrZEB7k433DQ4u9x9LMqvvm4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YAmlM120i7d3cTdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aOskUhSZNeKI6EdHAmYSmYYZDJ1VARMShHY2up377AZRmibwz4xRCQQaSxYwSY6WeW2ngQDOBA0g141a577lVr+bNgJeJX5AqKtDouV9BP6GZAGkoJ1p3fS81YU6UYZTDpBxkGlJCR2QAXUslEaDDfHb6BJ9YpY/jRNmSBs/U3xM5EVqPRWQ7BTFDvehNxf+8bmbiyzBnMs0MSDpfFGccmwRPc8B9poAaPraEUMXsrZgOiSLU2LTKNgR/8eVl0jqr+V7Nvz2v1q+KOEroCB2jU+SjC1RHN6iBmoiiR/SMXtGb8+S8OO/Ox7x1xSlmDtEfOJ8/ySGTsA==</latexit><latexit sha1_base64="XterrZEB7k433DQ4u9x9LMqvvm4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBIR9Fj04rGC/YAmlM120i7d3cTdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpZxp43nfzsrq2vrGZmmrvL2zu7fvVg5aOskUhSZNeKI6EdHAmYSmYYZDJ1VARMShHY2up377AZRmibwz4xRCQQaSxYwSY6WeW2ngQDOBA0g141a577lVr+bNgJeJX5AqKtDouV9BP6GZAGkoJ1p3fS81YU6UYZTDpBxkGlJCR2QAXUslEaDDfHb6BJ9YpY/jRNmSBs/U3xM5EVqPRWQ7BTFDvehNxf+8bmbiyzBnMs0MSDpfFGccmwRPc8B9poAaPraEUMXsrZgOiSLU2LTKNgR/8eVl0jqr+V7Nvz2v1q+KOEroCB2jU+SjC1RHN6iBmoiiR/SMXtGb8+S8OO/Ox7x1xSlmDtEfOJ8/ySGTsA==</latexit>

In ordinary first order phase transitions, the energy density and 
density jump but the pressure and chemical potential remain 

fixed

Here the energy density and density do not jump but the 
pressure and chemical potential jump.

The transition from nuclear matter to quarkyonic matter 
therefore involves a

First Order Un-Phase Transition
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Simplest model for a First Order Un-Phase Transition with Quarkyonic Matter

Above some Fermi momentum, assume a Fermi surface shell 
develops.  For momenta                                   

the degrees of freedom are nucleons.  Near the Fermi surface there 
can be non-perturbative low momentum interactions.

For momentum

The degrees of freedom are quarks.

kBF > k > kBF ��
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When the Fermi shell first appear, Delta is of the order of the QCD scale.  At high densities, it 
must narrow to be of order 1/N_C^2 because we require that we smoothly match to a QCD 

limit for a a finite shell thickness
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McLerran and 
Reddy



A reasonable parameterization is

� =
⇤3

k2B

But if the density really becomes a constant then the sound velocity diverges.  
to have a finite limit with v^2 < 1 need to include a correction
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+ 

⇤

N2
c

This correction is important only at very high density where the quark contribution is of the order of the baryons



In explicit computation, we used a phenomenological equation of state for 
nuclear matter that is hard, and matched at a few times nuclear density

Y. Fujimoto, K. Fukushima, K. Murase



With Kiea-song Jeon and Srimoyee Sen

Treat nucleons as free gas in excluded volume determined by volume 
not included in hard cores.  Put in a Fermi shell near the fermi surface

Quark in a sphere below the fermi surface

Minimize the energy to determine shell thickness

Acceptable equations of state with maximum in sound velocity near 
hard core density

J. Magueron and
With Jeon, Duarte and Hernandez:

beta equilibrium including hard core effect in progress



Main conclusion: 
If a maximum in the sound velocity is conclusively determined 

from neutrons star studies, it very probably is due to a hard core 
nucleon density at about the density of the maximum, and the 

physics at and beyond the maximum involves quarks.
\

How to experimentally see this singular behavior of sound velocity and 
Fermi momentum distribution in lab experiments?

How to measure Fermi momentum distribution at high density?

Theoretically, getting the sound velocity less than 1 is clumsy, and in a 
really good treatment it should be automatic.  

Meh?  
Shrug?

I think not!


