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Astro & Cosmic QGP Searches Programs

#* Quark (core) stars, neutron stars, stable strange stars, ...

E. Witten, PRD 30 (1984) suggested that quark matter can survive till
present time

Alcock & Olinto, PRD 39 (1989) showed that for surf. tension
> (178 MeV)3 then quark matter would not be boiled away

Properties of neutron stars
traditional neutron star

These findings initiated the
research on QGP surface tension.
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Astro & Cosmic QGP Searches Programs

Can we determine the QGP surface tension in a model
independent way?

Properties of neutron stars

These ﬁndings initiated the quarichybid traditional neutron star
research on QGP surface tension.
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Confining String = Color Tube

Consider confining string between static g & anti q of length L and radius R<<L

outer pressure Ptot

q q

color anticolor

Its free energy measured from Polyakov loop correlatoris F.,. = oL
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Confinement means infinite free FL(LT) [GeV]
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Deconfinement means that
string tension vanishes
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Can be rigorously found by Lattice QCD  ,

0.2 0.4 0.8 1 1.2

Coulomb part &fﬁfining part




String Tension vs Surface Tension
K.A.B., G.M.Zinovjev, Nucl. Phys. A848 (2010)

Consider now this tube as the cylindrical bag of length L and radius R<<L
Neglect effects of color sources and get cylinder FREE ENERGY as:
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Equating the cylinder FREE ENERGY to string free energy
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We got a new possibility to determine QGP bag surface tension directly from
LQCD!

From bag model pressure p,(T = 0) = —(0.25)* GeV*, R = 0.5 fm and
ostr(T = 0) = (0.42)* GeV? =

Osurf(T = 0) = (0.2229 GeV)*+0.5p, R z- ~ 157.4 MeV fm2.




String Tension vs Surface Tension
K.A.B., G.M.Zinovjev, Nucl. Phys. A848 (2010)

QGP surface tension at T=0 is above the critical value!
Can quark matter survive the boiling away?

Equating the cylinder FREE ENERGY to string free energy
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We got a new possibility to determine QGP bag surface tension directly from
LQCD!

From bag model pressure p,(T = 0) = —(0.25)* GeV*, R = 0.5 fm and
ostr(T = 0) = (0.42)* GeV? =

Osurf(T = 0) = (0.2229 GeV)*+0.5p, R z- ~ 157.4 MeV fm2.




Surface Tension at Cross-over

LQCD ln(% /2L0) C

For vanishing o4, one has o,

This is due to increase of surface fluctuations =- in general

Ostr(T)RF — wp, >0 for k>0

t = Tt'r (l*l') T

L) . 0 AN
Parametrize o4, = o i tY, where T (1) > +0

and find total pressure and total entropy density
for 4 = 0 (baryonic chemical potential)
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Comparison with LQCD

— Assume: we can apply our results to LQCD data with L > R

Forogy, — 0 = R — 2%:urf  and lattice entropy is

v

= again  Ogup < 0

= S divergesfor v <1 and R — o0




Mysterious Maximum
Entropy and Internal Energy
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Similarly, consider the fall down of S;,; due to strong s;,; decrease




Why Does the String Entropy Diverge at
the Cross-over !
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String entropy diverges for v < 1 and t — +0.

-is FRACTAL for any v # %1 where n = 1,2, 3, ...

In LQCD the fractal structures are well known.

In this model the fractals appear at ¢t — +0 as surface deformations

due to zero total pressure inside the color tube :>_

=> At the cross-over temperature there exist FRACTALS!




Conclusions

The relation between the string tension and the surface
tension of QGP bags is found! It allows us to determine the
surface tension of QGP bags directly from Lattice QCD.

The surface tension of QGP bags at T = 0 is larger than the
critical one, but at the cross-over T ~ 170 MeV the surface
tension is negative!

At the cross-over T ~ 170 MeV there exist fractals =>
fractal surfaces!

Negative surface tension of QGP bags at the cross-over does
not allow the quark matter to survive till present time.




Thanks for your attention!
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Surface Free Energy: F=E -TS

To find surface F one has to count for ALL surface deformations together with energy costs
Can be exactly done within Hills and Dales Model for v-volume cluster:

K.A.B. et al, PRE 72 (2005)
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Also one can find supremum and infimum for surface F and surface partition

oco(1—=AT)vs > F > oo(1—AgT)vs, Ap~0.28T ', Ay~ 1.06T "
K.A.B. & Elliott, UJP 52 (2007)
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Surface Free Energy: F=E -TS

To find surface F one has to count for ALL surface deformations together with energy costs
Can be exactly done within Hills and Dales Model for v-volume cluster:

K.A.B. et al, PRE 72 (2005)
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Also one can find supremum and infimum for surface F and surface partition

oco(1—=AT)vs > F > oo(1—AgT)vs, Ap~0.28T ', Ay~ 1.06T "
K.A.B. & Elliott, UJP 52 (2007)

Thus, there is NOTHING wrong, if surface F < 0 above critical T!
This means only that entropy dominates!
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