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We discuss macroscopic bulk properties of primordial bubbles quark matter which survived the confinement
phase transition in the early universe. Electron and quark components are considered at zero temperature man-
taining beta equilibrium and charge neutrality. We analyze the possibility that a superconducting phase transition
occurs, changing the initially unpaired quark matter phase to the colour-flavor Ig€kdd alternative without
electrons. We had considered the gap energy and the Goldstone bosons condensation for the pressure calculation
in theCFL phase.

Witten[1] proposed that a first-order cosmic quark-hadron In Egs.(3) and (4) we replace the quarks densitieby
phase transition at a critical temperatlige~ 150MeV in the  its correspondent expressions in terms of chemical potentia
early universe, could lead to the formation of quark bubbled-or a given value ofig these equations form a nonlinear sys-
with u, d ands quarks at a density of the order of the normal tem with two independent chemical potentipland pe. Nu-
nuclear matter density. merical solution of this system gives us the evolution of th

We begin our work considering a bulk of quark matter, sofermions densities, showed in Fig(1a). The detailed chan
the surface effects can be ignored. In order to obtain eledgn electron density vs. baryon number density, is shown i
trically neutral bulk matter, a nonzero density of electrons igFig.(1b). For low density, a small fraction of electrons is nee
required. But at extremely large chemical potential, and conded to mantain charge neutrality since the s quark is not pr
sequently pressure, it is known that the colour flavor lockedsent. When strange matter appears Egs.(1,3) impose a de«
(CFL) phase is favored [2]. In theFL phase, quarks of dif- asing in the electron density.
ferent colours and flavours d ands are paired due to the fact At low temperature and very high presu@CD has a su-
that massns is no longer relevant for very high densities. This perconducting phase [3]. The appearance of this new state
phase is caracterized by the same densities of quark specigsatter can be understood considering that in the asympto
so charge neutrality is automatically satisfacted. freedom regime the distribution of quarks in the energy le

The bulk of quark matter is considered as a degenerateels (which depends o — N) does not change adding or
Fermi gas of u, d, s and electrons with chemical equili-subtracting a single particle. But including the attractive ex
brium mantained by the weak interaction procedesy «—— change of gluon between a pair produces a rearrangement
u+e +Vv,u+d«— u+s, which imply the following relation  the states near the Fermi surface, favouring energetically t

pair condensation with a fermionic gap formation.
Hu+He=Hd = Hs =, (1) We will consider no electrons because their density i
always very small and introducing electrons while mantainin
leaving only two independent chemical potentials for the thercharge neutrality with beta equilibrium preserved could co:

modynamic treatment of the system. too much pairing energy[4].
We consider that neutrinos scape from the bubble, play|ng The gam (Flglc) can be calculated with perturbathD
no role on the beta equilibrium conditions. with quark-gluon coupling, giving[5]

Whenp > m and the temperature small enough, the anti-

quarks are statistically negligibles and the density of fermions 5 5 32
in absence of interactions may be approximated by A~5121¢ <—) ugo exp(——) , 5)
N¢ V2g
N 1, 5 3
v - Mi=uds= 15 (W — )2 (2 whereN; = 3is the number of flavours.

The gauge coupling constant between quarks and gluo
For the electrons, the same expression is valid with a factoyaries with energy through "vacuum polarization” effects
% in the right hand side. The light quarksd and electrons  as[6]
are considered massless particles.

Charge neutrality condition and the baryon number density amn o?
are GS(H) = ) ) Os = E[ ) (6)
(11— 3N;)In <A5 >
QCD
2n;—ng—ns—3n.=0. )
with Agcp ~ 200MeV, andp the baryonic chemical potential.
In thisCFL phase both the gau@tJ(3). and the global chi-
1 ral SU(3). r symmetry are broken giving respectively massive

N =3 (Ny+ng+ns). (4)  gluons and mesons as Goldstone particles.



M. Orsaria et al. 859

IT T 17 T T 1 S L LI L L L
- — me=150 ey =] = —— 1= 150 Mev -
4 W —— m=200ney | ' —  m=200 MeV
N — -m=300MeY 60 = fy — — —m=300 Mey  —
o - N — , PN e
Co 3 o= - 7 \ -
o [ © !
‘-‘-.E:_ L E
P of 3
- -
1 -
o LLe
1 0 1 0 200 400 GO0 800 1000
{a)
Logho(ne/p,) 2 W Mev]
30
vV
] n / A
— 20 . ¥ 7 .
= 1 . AFM2PE |y
) ] S
E —
<1 10 - ’
— 1, .
] u d [ e u
I I I I S s Utexy
o L1 1 1 1 1
200 400 600 800 1000 1200
{c) [ MeV ] {d)

FIG. 1: (a) Fermionic densities against baryonic number density; (b) Electron chemical paignsiathemical potentigl associated with the
baryon number density; (c) Gap contribution against chemical poten{id) Schematic picture of weak decays in normal and superconducti
quark matter .

We describe th€FL phase by the pressure upordownparticlewithastrangeholkas the quantum num-
bers of eKaon
3072 GB . . .
Per= > R+ —5 —B+ReeL, (7 Taking e ~ 0 in theCFL phase, the strange quark will de-
i=u.d.s cay into a configuration with the quantum numbers EPaA

hematic picture is showed in Fig.(1d).

At low temperature and high density a stable configure
ion of the bubble is reached with a strange quark compc
Qent. We do not study the additional stability given by colo
superconductivity[8]. We remark that taking into account sur
face effects, the condition of charge nautrality of the bubbl
may not be realistic.

where the first term gives the pressure of the noninteractinac
quarks, second term is the contribution from the formation
of the condensate with = %(uu + Mg + Us), the third is the t
vacuum contribution and the last term is due to the Goldston
bosons.

In a normal quark matter, the fact thak # O shifts the

energy of strange quarks near the Fermi surfaceut% and
it leads to the decag — u+d+Uors— u+e+Vve. This According to our study the bubbles of quark matter sur
decay will reduce the number of strange quarks and build ujiving the confinement transition may reach such high ve
a Fermi sea of electrons unfis ~ 4@“[7]_ mes of chemical potennal, larger than those in neutron star
. . at could enter in the colour superconducti@gL phase.
mgIn superfluid quark matter, the system can also gain energy . nave analized this phase without electron chemical pote
7 Dy introducing an extraip andstrangehole. This pro- tial. However, if the electron chemical potential is not zero
cess require the breaking of a pair and an energy cost thather Goldstone bosons appears in order to mantain the cha
will be equivalent to the Kaon massk. Note that an neutrality[7].
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