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Introduction: quarkyonic matter
Let us think about QCD at moderate temperature and chemical potential (T ≤ Tc, µQ ∼
ΛQCD ) at the largeNc ≫ Nf ≫ 1 limit

In momentum space, infrared slavery should still be maintained be-
tween µQ ∼ ΛQCD and µQ ∼

√

Nc/NfΛQCD . This is because
quark-hole screening ∼ µ2

QNfNc and gluon antiscreening∼ N 2
c .
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higher order diagrams will notchange this power

In configuration space , baryons should “touch”/”overlap” with each other, sinceNc

quarks in a baryon, quarks of neighboring baryons at∼ N
−1/3
c ΛQCD → 0 apart

So matter seems to be both confining and asymptotically free.potentially very interesting.
[1] suggested the “quarkyonic” matterΛQCD ≥ µQ ≤

√

Nc/NfΛQCD has quark degrees
of freedom below the fermi surface and baryonic degrees of freedom at the Fermi surface.
This would imply pressure and entropy∼ Nc even in confining matter.
Interesting, but...there is no controlled approximationin this regime: lattice has sign prob-
lem, EFTs diverge ifT, µQ ∼ ΛQCD , andNc → ∞ for semiclassical Gauge/string.

Some insight from percolation [3,4]

Look for a percolationtype transition: integrate out quark degrees of freedominto
baryon-baryoninteractions

p = 1−
(

q(1),ij
)(Nc)

α

q(1),ij =

∫

fA(xi)dxi

∫

fB(xj)dxj (1− F (|xi − xj|))

Then decimate a lattice into a super-lattice,and look for a fixed point
We assume [3] a “hard-sphere” distribution forfA,B(x) , and a propagator respecting the
scaling expected from QCD, a coupling constantλ/Nc and a rangerT ∼ ΛQCD ∼ N 0

c Prop-
agator choicesg(y) = (λN−1

c )FK,S,T (y) include popular functions found in the literature [2]

FT (y) = Θ
(

1− y

rT/ΛQCD

)

, FK(y) =
2r2T
πy2

sin2
( y

rT/ΛQCD

)

, FS(y) = FK(y)e
−M |y|

The first is aΘ -function in configuration space, the second aΘ -function in momentum
space and the third a Debye-screenedΘ -function in momentum space.
Not deconfinement(µdeconf

q ∼ NcΛQCD) . butpercolation, deconfinement cross@N crit
c

What isN crit
c ? Relationship to

(

N crit
c

)

confinement
?

Percolation and deconfinement
We modelT ≪ ΛQCD, µQ ∼ ΛQCD matter by an ideal gas EoS (interactions, while not

weak, impact pressure rather than density). ForµQ ∼ NcΛQCD , the baryonic density is

ρconfB (T = 0) = Λ3
QCD
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At
T ∼ µQ ∼ ΛQCD confinement∼ N 0

c . Account for curvature inT−µQ space by parametriz-

ing phase diagram1− θ2 =
(

µconf

B

µ0

)2

, θ = T
Tc
≃ 3

2
T

ΛQCD
finite densityρB is

ρconfB =

Q
∑

η=0,1...

(2η + 2)

{

∫

α2dα

1 + exp
[

3
2

Nc√
Nf

1
θ

(

√

α2 +Nf + η

√
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N 2
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√
Nc

√
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)]

−
∫
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}
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Λ3
QCD It looks like space for a

sliver of confining but percolatingquark matter remains@Nc = 3,ΛQCDµQ < O (2) ΛQCD

Theory of quarkyonic percolation
We will try to outline what an EFT of quarkyonic matter looks like from the point of

view of largeNc and percolation. A ready analogy is the electron gas model ofthe
metal, where atoms are semi-classical potential wells (analogous to largeNc baryons) and
electrons are quantum particles moving in them (analogous to quarks). The conductor-
insulator phase transition (roughly similar to percolation) is defined by delocalization.

+

+

.... In the per-
colating phase, quark wavefunctions are delocalizedw.r.t. baryons. Color is local on scales
≥ Λ−1

QCD but, because of delocalization, this does not mean quark wavefunctions at large
distances are necessarily correlated (models like WZW can be modified to explicitly elim-
inate such long-range correlations).
Dynamics could look like pQCD, but baryon mean fields remain as a form factor
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So, con-
finement is encoded in the baryonic form-factors, but baryons the partition function is still
pQCD like, a la [1]. In particular,p,s∼ Nc . In baryon matter,e ∼ Nc but p,s∼ N 0

c , so
these two phases should be dinstinguisheable.

Phenomenology of quarkyonic percolation
FAIR/RHIC/NICA the logical place to see the form factor is in dilepton spec-

tral functions, qq → ll . Note that periodicity of form factor will lead
to suppressionof signal at M 2 ∼ Λ2

QCD (usually signal is enhancement)
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neutron stars P ∼ Nc means a “quasi-QGP” is formed atµB ∼ mB , but withoutmixed
phase (percolation is second order.P ∼ Nc ∼ O (3) in proto-neutron stars means proto-
neutron star much stifferthan “normal” nuclear proto-neutron star.Could quarkyonic
matter make stars explode?

Conclusions, discussion and outlook
•A percolation-type “quarkyonic” transition, distinctfrom deconfinement, appears natural

in T − ρ−Nc space

•At µQ ∼ ΛQCD the criticalNc ∼ O (10) , so nuclear density notpercolation. however,
percolation couldhappen atΛQCD < µQ <

√

Nc/NfΛQCD

•A natural analogy for constructing an EFT of percolating matter is the con ductor-
insulator transition, baryons fulfil the role of “atomic potential wells”, quarks of the “free
electron gas”

•This picture has phenomenological consequences: A dip in the spectral function accessi-
ble at FAIR, and the effect of “electron gas pressure” in neutron and proto-neutron stars
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