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Neutron Star Matter
high p, and low T

» Quark deconfinement
transition expected of the
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Theor Suppl. 153 (2004) 86

» Lattice QCD calculations
are presently not possible

Deconfined phase:

QCD inspired models

first order Z.
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Field Correlator Method (FCM)

The FCM is a nonperturbative approach to QCD which includes
from first principles the dynamics of confinement in terms of
color electric (CE)  DY(x), D¥,(x), and

color magnetic (CM) DY(x), DH (x), correlators

H.G. Dosch, Phys.Lett. B 190, 177 (1987); H.G. Dosch, Yu. Simonoy,
Phys.Lett. B 2005, 339 (1988); Yu. Simonov, Nucl.Phys. B 307, 512 (1988) A.
Di Giacomo et al., Phys.Rep. 372, 319 (2002).

Recently the FCM has been extendedto p, #0

Yu. Simonov, M.A. Trusov, JEPT Lett. 85, 598 (2007) Yu.
Simonov, M.A. Trusov, Phys.Lett. B 650, 36 (2007)

The FCM can describe the whole QCD phase diagram as it can
span from high temperature and low baryon chemical potential,
to low T and high p limit



Two-points correlator of the gluonic field strength tensor
(“Field Correlator’)

1
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D(x,y) = Pexp [l.jjA”dz” ] Parallel transporter

NLTI’<E,-(x)<I)(x,J’)Ej(y)q)(y’x)> <

c

dD’ (2) dD’ (2)
5,.].[DE(z)+D1E(z)+zf a;zf ]+z,-zj dlZz

=X—=-)y Similar expression for the CM correlators




FCM Equation of State of the Quark Phase

Quark pressure (q=u,d,s)

ﬂq_Vl/z

- ﬂq_Vl/Z
=

¢( K )
u’ 1

Ju? +v? exp(Nu? +v? —a)+1

¢, (a)= . du

Yu. Simonov, M.A. Trusov, JEPT Lett. 85, 598 (2007); Phys.Lett. B 650, 36 (2007)



Large distance static qc_| potential

v (T) =jj/Tdr(1—zT)ﬂwd§ E DE (\/g:2 + 7 )

DE (x)=DE (0)exp(-|x|/A)

A=0.34 fm Vacuum correlation lenght (D’Elia et al.(1997))



Large distance static qc_| potential

v (T) =jj/Tdr(1—zT)ﬂwd§ E DE (\/g:2 + 7 )

DE (x)=DE (0)exp(-|x|/A)
A=0.34 fm Vacuum correlation lenght (D’Elia et al.(1997))

V,(T) is independent on the baryon chemical potential
supported by lattice QCD similations at small y,  (Doring et al. 2006)

We take [asin Ref.: Baldo, et al. Phys. Rev. D78, 063009 (2008)]

V,=V,(T=0) as a model parameter



Gluon pressure

P /T =

8T

exp( ad ) 1

Yu. Simonov, M.A. Trusov, JEPT Lett. 85, 598 (2007)
Yu. Simonov, M.A. Trusov, Phys.Lett. B 650, 36 (2007)
A.V. Nefediev, Yu.S Simonov, M.A.Trusov, Int. J. Mod. Phys. E1 8, 549 (2009)



Total pressure of the deconfined phase

vac 32 2

G2 gluon condesate Shifman, Vainshtein, Zakharov, Nucl.Phys. B 147, 385 (1979)

G, =0.012£0.06 GeV*QcD sum-rules) G, model parameter



Previous Hybrid Stars calculations with the FCM
M. Baldo, et al. Phys. Rev. D78, 063009 (2008)

Hadronic phase: BHF with 3NF
(nucleonic or hyperonic matter)

Quark phase: FCM

Deconf. Phase trans.: first order, Maxwell construction



Equation of State of the Hadronic Phase

Nonlinear relativistic mean field model:
Glendennig — Moszkowski GM1 parametriztion

K = 300 MeV, M =0.7 M
Pure nucleonic matter (N)

Hyperonic matter (NY)

Deconfinement phase transition

First order transition

Gibbs construction (Glendenning, Phys.Rev.D 46, 1274 (1992)
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Equation of State
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Quark-Hadron phase transition boundaries in 3-stable matter
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Properties of the stellar maximum mass configuration

(pure nucleonic matter)

hyb HS HS HS
G2 IVlmax pc y R M max pc R

0.006 1.44 1.55 9.54
0.012 1.89 0.77 12.55 2.33 087 11.70
0.016 2.05 0.75 12.66

[G,] = GeV* [R] = km M.l = Mg [p.Y®, p1S] = fm?3



Properties of the stellar maximum mass configuration

hyb HS HS HS
GZ IVlmax pc y R M max pc R

0.006 1.44 1.55 9.54

N 0.012 1.89 0.77 12.55 2.33 087 11.70
0.016 2.05 0.75 12.66
0.006 1.44 1.56 9.52

0.8 0.012 1.89 0.77 12.53 2.15 094 11.50
0.016 2.04 0.81 12.40
0.006 1.43 1.56 9.51

0.6 0.010 1.73 0.89 12.00 1.80 1.00 11.49
0.013 1.80 1.00 11.49

Xo

[G,] = GeV* [R] = km M. = Mg [p.Y®, p1S] = fm3



Quark-Hadron phase transition boundaries in 3-stable matter
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Quark-Hadon phase transition boundaries in B-stable matter
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Gibbs construction
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Deconfinement transition temperature
at n,=0 in the FCM

V.(T.)=05 GeV

Yu. Simonov, M.A. Trusov, JEPT Lett. 85, 598 (2007)
Yu. Simonov, M.A. Trusov, Phys.Lett. B 650, 36 (2007)



Deconfinement transition temperature at p,=0 in the FCM
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v (T) =j;]/Tdr(1—zT)ﬁ:°d§ EDE (\/52 + 7 )

DE (x)=DE (0)exp(-|x|/ 1)

D! (0
Assume 1 ( ) does not depend on T
supported by lattice QCD calcul.s D’Elia et al., Phys.Rev: D 67, 114504 (2003)



v (T) =jj/Tdr(1—zT)ﬁ:°d§ E D" (\/52 + 7 )

DE (x)=DE (0)exp(-|x|/A)

D! (0
Assume 1 ( ) does not depend on T
supported by lattice QCD calcul.s D’Elia et al., Phys.Rev: D 67, 114504 (2003)

V.(T)= V,(0) <1-3’1—T+1(1+3’1—T) exp(-h—")>




V.(T)=05 GeV = V, (0)=085 GeV

e

P, >p.;"

No deconfinement transition in
pure Hadronic Stars




Deconfinement transition temperature
at p,=0 in the FCM

Vir)= V,(0) .




Deconfinement transition temperature at p,=0 in the FCM
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Deconfinement transition temperature at p,=0 in the FCM
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Deconfinement transition temperature at p,=0 in the FCM
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Conclusions

We have established that the values of the
gluon condensate extracted within the FCM from
lattice QCD calculations of the deconfinement transition
temperature, at p, = 0, are fully consistent with
the value the same quantity derived by the mass
measurement of PSR J1614 -2230

The FCM provides a powerful tool to link numerical
calculations of QCD on a space-time lattice
with Neutron Star physics




-~
\
5
I

|-

u’ 1

s
”2

ﬂq_Vl/z -

T

¢, (a)= . du

Ju +v? exp(Vu? +v* —a)+1




v (T) =jj/Tdr(1—rT)ﬁwd§ E DE (\/,,«?2 + 7 )

DE (x)=DE (0)exp(-|x|/A)
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Deconfinement transition temperature

/ e gewa
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3 1 1
V.(T)= V,(0) {I—E/IT+E(1+3AT) exp(—/l—T)}
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FIGURE 1. THE QCD LAGRANGIAN £ displayed here is, in principle, a complete description of the strong interaction. But, in
practice, it leads to equations that are notoriously hard to solve. Here m and g are the mass and quantum field of the quark of jth
flavor, and A is the gluon field, with spacetime indices i and v and color indices a, b, c. The numerical coefficients f and t guaran-
tee SU(3) color symmetry. Aside from the quark masses, the one coupling constant g is the only free parameter of the theory.




