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[ Verificar as consequéncias destas mudancas na cosmologia
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Introdugdo - Diagrama de fase da QCD
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Equagdes de Estado do QGP

> MIT Bag Mode/
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> MIT Bag Mode/
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> C- Bag Mode/ (Phys.Atom Nucl. 75(2012)873-878)
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> A-Bag Mode/ (Phys.Atom Nucl.75(2012)873-878)
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Equagdes de Estado do QGP

> Single Line Approximation (SLA)
AnnalsPhys.323(2008)783-811 & 1230-1246

Teoria de Perturbagdo de Background (BPTh) em LO

Linhas simples de quarks e gluons interagem com o background ndo perturbativo

r
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‘ Equagdes de Estado do QGP ‘
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Fator de escala

¥ & 20902 , .2
{1 — a2 + 1% |d6* + sen® (0)d

= -1,

0,1

1 ;
XY :> Ry — §9MMR — g\ = 87GT Y,
o‘\d\o\

Q QO( . 8?1-@5 i\ ¢

@12 (t) - ——R(t) + h — S R2(1) = 0
Z .
Q°“0§% c4 30 o
S R(t) P

Universo homogéneo e isotropico, métrica de FLRW:

2}}

Egs. Friedmann



Cosmologia ‘ Universo homogéneo e isotrépico, métrica de FLRW:

LLLLLLED . ! 2
ds® = dt? _Rg(ﬂ{ : !.--- + 72 [dQQ + sen? (6) d-\pﬂ}

ty prersd 1— ;}351‘2
e '
Fator de escala =-1,0,1
1
’\Q} :> R-HU - 59"#”}? - g#__ui\ — SWGTI_LU
(\Q}\ N N
L & : SrGe A Eqs. Friedmann
(,O(iq}(\QhRQ(f) . 1—3 RQ (IL) 4 L — §B2(f) — 0 q rieama
Q°°®§; n 3R(t) + 0 >
00‘°®6Q° & % (e+p)
v




Cosmologia ‘ Universo homogéneo e isotrépico, métrica de FLRW:

LLLLLLED . ! 2
ds® = dt? _Rg(ﬂ{ : !.--- + 72 [dQQ + sen? (6) d\pﬂ}

A 1 —;‘535;'2
e '
Fator de escala =-1,0,1
1
’\QI :> R-HU - 59"#”}? - g#__ui\ — SWGTI_LU
&8 3
L & - Jes A Egs. Fried
e R2(1) — Tg R () + k= S R2(t) = 0 35, Triedman
& | R00) | "
N
o < €+ 3—R 0 (e+p) =0
J
--------------------- 7 @
- 1 ' Eos c.I
ds STG " 0 S
— — C — 0= S
. — —_— £
3)'\/?(;_ +@) :_)) : p p( ) E(to) —1 ?;g )




‘ Resultados numéricos
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‘ Conclusoes

+ Exercicio académico, update do PRD 36 (1987) 1263 - U. Ornik e R. M. Weiner.

<C> As EoS usadas sdo mais modernas : sQGP.

Na evolugdo de ¢ todas as curvas comegam com
valores acima do MIT e decrescem rapidamente.

{} A 2 na evolugdo das EoS usadas é pequena.

Buscamos entender como alteragoes na EoS do
QGP implicam em alteragdes cosmologicas.

‘ Futuros trabalhos

*Cons‘rrug&'o de EoS em T finito e y 2 O a partir da QCD, para solugdo
das egs. de Friedmann, a fim de estudar flutuagdes de pot. quimico
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Motivacado

The expansion of the Universe after the big bang is de-
scribed by the equations of hydrodynamics

Ti¢=o0, (1

the Einstein gravitational equation

o - A

Ry — tRgip=—x | Ty + — 8k | (2)
and the equation of state

p=plel, (3

where Ty is the energy-momentum tensor, R the Ricci
tensor, and R the curvature scalar defined by R =R,;-g”‘.
x and A are the curvature constant and the cosmological
constant, respectively; g is the space-time metric and p
and € are the pressure and energy density.

A fundamental assumption of the cosmological theory
is the “cosmological principle™ stating that the Universe is
homogenous and isotropic which implies that the space-
time metrics can be parametrized by the Robertson-
Walker formula
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Expansion of the early Universe and the eguation of state

U. Ornik and R. M. Weiner
Department of Physics, University of Marburg, Marburg, West Germany
(Received 26 February 1987)

New advances in high-energy physics concerning the equation of state and the phase transition
from quark-gluon plasma to hadronic matter are used to investigate the hydrodynamical expansion of
the Universe by solving the equations of hydrodynamics and the Einstein gravitational equations.

the quark-gluon plasma by
L
pp=ile—4Bl=gyp o T*—B (8)

and the hadronic phase by the equation

pr=rte=gni T ©)
g, and g; are statistical factors and B the bag-model con-
stant. Calculations for cases (a) and (b} were done in
Refs. 1 and 2.

However assumption (a) has to be gqualified. Indeed
there are indications” from lattice QCD calculations that
when fermions are included the phase transition might be
of higher isecond?} order. Furthermore a more satisfacto-
ry theoretical description of the two phases is expected to
be given by a single equation of state which contains the
phase transition as an output and not as an input as in (b).

Lattice QCD for gluonic systems® or a phenomenologi-
cal approach with a density-dependent guark mass® pro-
vide such an equation of state:

p=ciiele, (10)
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> Single Line Approximation (SLA)
AnnalsPhys.323(2008)783-811 & 1230-1246
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