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Introduction: quarkyonic matter

Let us think about QCD at moderate temperature and chematahpal (" < 7¢, pug ~
Agcp ) atthe largeV, > Ny > 1 limit

In momentum space, Infrared slavery should still be maintained [lpe-

tween ug ~ Agep and ug  ~  /N./Nihoep This is becausg

quark-hole screening~  p,NeN. and gluon antiscreening~ N,
guark

color w hole

higher order diagrams will nathange this power

In configuration space, baryons should “touch”/”overlap” with each other, sinég
guarks in a baryon, quarks of neighboring baryons aNC_l/gAQCD — 0 apart

So matter seems to be both confining and asymptotically frentially very interesting
[1] suggested the “quarkyonic” mattéy,cp > 1o < +/N./NiAgcp has quark degreds
of freedom below the fermi surface and baryonic degreeseefdom at the Fermi surfadge.
This would imply pressure and entropy/N. even in confining matter.

Interesting, but..there is no controlled approximatiamthis regime: lattice has sign prop-
lem, EFTs diverge I, o ~ Agcp , and N, — oo for semiclassical Gauge/string.

Some Insight from percolation |3, 4]

1

Look for a percolationtype transition: integrate out quark degrees of freediomo
baryon-baryonnteractions

p=1-— (Q(l),ij)(NC)@ da),ij = /fA(%‘)d%‘ / fo(x;)drz; (1 — F(|x; — x4)))

Then decimate a lattice into a super-lattice,and look foxedfpoint

We assume [3] a “hard-sphere” distribution for z(z) , and a propagator respecting fhe
scaling expected from QCD, a coupling constan¥,. and a ranger ~ Agcp ~ N Prop-
agator choiceg(y) = (AN ') Fx s r(y) include popular functions found in the literature |2]

2
27‘T,2

Fr(y) = @(1 TT/KQCD),FK(y) = W—y25m (TT//%QCD)’FS(y) = Frely)e MW

The first Is a© -function in configuration space, the secon@ afunction in momentu
space and the third a Debye-screefedunction in momentum space.
N_otdeconfinemen(tﬂg@mf ~ N.Agcp) . butpercolation, deconfinement cr@sv<""!
What isN"" ? Relationship ta V") ?

confinement

Percolation and deconfinement

We modell < Agep, o ~ Agep matter by an ideal gas EoS (interactions, while jno

weak, Impact pressure rather than density). lkor N.Agcp , the baryonic density is
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T ~ g ~ Agep confinemente N . Account for curvature ifi'— . space by parametriz-

ing phase diagram — 02 — (£~ 2 0 =L ~3 1 finite densitypr is
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sliver of confining but percolatinquark matter remaingN, = 3, Agcppo < O (2) Agep
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percolation

Theory of quarkyonic percolation

We will try to outline what an EFT of quarkyonic matter lookkd from the point of
view of large N. and percolation. A ready analogy is the electron gas modeh®
metal, where atoms are semi-classical potential wellslggoas to largeV,. baryons) anc
electrons are quantum particles moving in them (analogoupiarks). The conductof-
Insulator phase transition (roughly similar to percolajias defined by_delocalizatio

+

+

" In the per-
colating phase, quark wavefunctions are delocahzed. baryons. Color is local on scales
> Aé}m but, because of delocalization, this does not mean guarkfwagtions at larg¢
distances are necessarily correlated (models like WZW eanddified to explicitly elim
Inate such long-range correlations).

Dynamics could look like pQCD, but baryon mean fields remasnaaform facto
g

N NG
g
h h So, con-

finement is encoded in the baryonic form-factors, but bagytbe partition function is stil
pQCD like, ala[1]. In particulap,s~ N. . In baryon matterg ~ N, butp,s~ N, 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 — [l . Note that periodicity of form factor will leap
to suppressionof signal at M* ~ Ap., (usually signal is _enhancemgnt

p(M ) 1

Hadron peaks
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neutron stars P ~ N, means a “guasi-QGP” is formed at ~ mpg , but withoutmixed
phase (percolation is second ordBr~ N. ~ O (3) in proto-neutron stars means projo-
neutron star much stiffethan “normal” nuclear proto-neutron stacould quarkyonic

matter make stars explo@®e

Conclusions, discussion and outlook

¢ A percolation-type “quarkyonic” transition, distintom deconfinement, appears natyral
In7T — p— N, space

o At 1o ~ Agcp the critical N, ~ O (10) , so nuclear density ngtercolation._howeve
percolation couldhappen at\gcp < 119 < +/Ne/NiAgep

e A natural analogy for constructing an EFT of percolating terats the con ducto
iInsulator transition, baryons fulfil the role of “atomic patial wells”, quarks of the “freg
electron gas”

e This picture has phenomenological consequences: A digeisflkctral function acces$i-
ble at FAIR, and the effect of “electron gas pressure” in r@uaind proto-neutron starg
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