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The quark part of Lagrangian of the nonlocal model has the form

L= Lrree L FLim

'Cfree = (j(x)(lé—mc)q(x)

m. is a current quark mass matrix with diagonal elements m¥ = m¢, m3.
G
Lig = F5(@)J5(z) + Jp(2)Jp(2)]

nonlocal quark currents are

I (z) = / 04 (z122) f(21) F(22) G — 21) Parg(e +w2),
I's =X, Tp =iy’ X\?
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Thermodynamic potential

The mean-field part of the thermodynamic potential reads

Qme(T,p) = 2T > Z/ )2+ B 4+ M3 ((w )2+/%’2)} +

f =0, n

1 - G- )7/ ——— -
_ = faf ~aofaf 2 Qugdas
5 > (mi ST+ 5 5757+ 5,81515°| +U(®,P)
f
where M (p?) = m{ + m}, f2(p?). The Matsubara frequencies w, = (2n + 1)xT
are shifted due to the coupling to the Polyakov loop according to

Wr,:i::wni(l%*iﬂ'f, wgzwn*iﬂf?

where AO = —iA4 and A4 = (bl)\l, P = (i) e (1 + 200S(¢3/T))/3
In stationary phase approximation

_ Bk f2 M + k2
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Thermodynamic potential

U potential in logarithmic form !

P, P 1 = = z 3
“%;):_§Mn¢¢+mTﬂnﬁ—6¢¢+4@3+®ﬁ—3@¢f}
TO T() 2 TO 3
a(T) = ap+ az T + az T ) o b(T) = bs T ) To =270 MeV

Equation of motion

0 _ ) s
8m§ " O3

Model parameters for f(p?) = exp(—p?/A?)

“large” mass?

my =8.5 MeV, mY =304.5 MeV, m? =110 MeV, m3 =390 MeV, A = 1.0 GeV
“small” mass

my =5.5 MeV, m} =250.0 MeV, m{ =151 MeV, m$ =353 MeV, A = 1.3 GeV

=0

LS. Roessner, C. Ratti and W. Weise, Phys. Rev. D 75 (2007) 034007.
2A, Scarpettini, D. Gomez Dumm and N. N. Scoccola, Phys. Rev. D 69 (2004) 114018.



Quark condensate and Polyakov loop at mean field
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Thermodynamic potential beyond mean field

The contribution of the mesonic correlations is given by (this is result of ring sum)
dwm MM
One = —%TZ’I‘MH[I—G ],

where GM and TIM are the matrices of coupling constants and polarization loops.
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Observables

o subtracted condensate

o Polyakov loop ®

o pressure p = —§)

o entropy density s = —0Q/0T

o energy density e = —p+ T's

o interaction measure € — 3p

o non-strange(l) and strange(s) quark number susceptibilities

o0 0%
Xl = 8#12 y Xs = 8uf
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pressure
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Interaction measure: what 7y is optimal 7
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Interaction measure for Ty = 219 MeV
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energy density
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pressure
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entropy density
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Polyakov loop
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Condensate at low temperatures
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non-strange quark number susceptibility. “large” mass parametrization
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strange quark number susceptibility. “large” mass parametrization
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Xi/xs- “large” mass parametrization
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¢/T?x; and €/T?x,. “large” mass parametrization
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non-strange quark number susceptibility. “small” mass parametrization
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strange quark number susceptibility. “small” mass parametrization
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Xi/Xxs- “small” mass parametrization
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¢/T?x; and €/T?x,. “small” mass parametrization
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Conclusions

9 The nonlocal quark model is extended beyond mean
field using ring sum contribution (strict 1/N, expansion)
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The nonlocal quark model is extended beyond mean
field using ring sum contribution (strict 1/N, expansion)
It seems that T{ parameter of Polyakov loop potential
should be lowered (7 = 219 MeV from fit of lattice
data)

Ring sum contribution is enough for correct description
of pressure and quark condensate at low T

Ring sum contribution is not enough for correct
description of quark number susceptibilities at low T
Mesonic correlations lead to the lowering of the
temperature of phase transition

Near the phase transition 1/N, expansion breaks out —
non-perturbative scheme is needed
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Polyakov loop

Untraced Polyakov loop(Polyakov line)
B

L(Z) = Pexp i/dTA4(T, Z)
0

transforms under SU(3) gauge transformations as : L — ULUT
Gauge invariant object

1 = 1
o = gTI'CL o = gTI'CL+
transform under global Z(3) transformations :
- 27T = - 2Tn —
b3 D P e '3 D
(®) = =T

confinement (®) =0
deconfinement (®) # 0



U potential

U potential |
T4 ’ 2 6 4
Tt Tt Tt
by(T) = ao + a1 [TO] + az [TO] + a3 [1?]

C. Ratti, M. A. Thaler and W. Weise, Phys. Rev. D 73 (2006) 014019.

U potential Il

u(if) = —%a(T) ®® + b(T) In [1 — 60D +4 (0% + %) -3 (@@)1
with

a(T)_a0+a1<§>+a2<€9> , b(T )—b3<§9)

S. Roessner, C. Ratti and W. Weise, Phys. Rev. D 75 (2007) 034007.




U potential. Effective potential for different temperatures
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U potential

3 T ‘ ]

Fit3 to scaled pressure, entropy density and energy density as functions of the temperature in the
pure gauge sector, compared to the corresponding lattice data (G. Boyd et al, Nucl. Phys. B



RingSum m, = m,, H =0
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Screening masses
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