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The evolution and fate of stars.
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Object Mass(g) |R(km) Density(g/cm?
Neutron |4x10% |10 5 x 1014
Star
White 2 x 103 |5400 3x 106
Dwarf
Sun 2x10% |7x10° 1.4 avg,
160 in core
Jupiter 57 1§ i 5 g e
Earth 6x10% |6x10° |55
|_ead 3.5x10% |6x 1018 |3 x 1014

nucleus




Possible internal structures and compositions of
four different types of compact stars

The Phases of QCD
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- superconducting quark matter



Quark Stars™ vs “Neutron” Stars

» Made entirely of deconfined

quarks and leptons
» Self-bound (M ~ R3)
» Baryon number O(1) < B < 10>/
» Electron sea at surface
(super-high electric fields)
» May posses outer crusts
No inner crusts

» Two-parameter stellar sequences

May contain deconfined quark

matter only in stellar core
Bound by gravity
10°° to 10~/

Absent

» Outer crusts

> |Inner crusts

One-parameter stellar sequence

*E. Witten, Phys. Rev. D 30 (1984) 272; Alcock, Farhi, Olinto, ApJ 310 (1986) 261; Alcock & Olinto, Ann. Rev. Nucl.
Part. Sci. 38 (1988) 161; Madsen, Lecture Notes Phys. 516 (1999) 162.




TOV equation of hydrostatic equilibrium

__Gm(np A+ P/pc®)+4xr® P/m(r)c*]
1—2G m(r)/rc?

Equation of State (EOS) : P(g(r),T)

Tolman-Oppenhiemer-Valkoff Equation



Interacting neutron gas
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Baryonic Matter EOS

Interaction in strange baryonic matter

The baryon-baryon interaction :

2p 2
111——”TFPGlf(—}'—il-l_—u)”——(l—_l—ﬂ U(}L]“—”{lI ]-I-l"'(—"]]

PF j‘}l ) Iﬂ“

H R Moshfegh, M Ghazanfari Mojarrad. (2011) Thermal properties of baryonic matter.

Journal of Physics G: Nuclear and Particle Physics 38:8, 085102.
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EOS of Quark Matter (MIT Bag Model)

i

Pq = —F +Rn':'r1 +P;“t

g

3m4 x
=3 [77"3 2(222 — 3) + In(zq + 1,)]
3mia, a 4
4;3 {2[77q1’q — In(z, + 77q)] = 512 + 2In(n4)

+ 4 ]n(7;‘1:e7;q)[1]q.rq — In(z, + nq)]}

mg , Mg

Ly =

q quark mass and chemical potential.
q

\/ — mZ/m,

g = /1 + x7 = pq/mg

g QCD fine structure constant

a9,

Py — a#q

Z(Qq + pqpq) + B

q9
_ZQq_B
q9
- — e+ e 4+ T
wmt+ e — d -+ v

= — 1 —I— e —+ T B = 90 Mev :|_:_I;',|‘_1_:El 6 Mevim ® < B < 250 Mev fm™~

m -+ e — =5 + v

3 44— wn = ol 4 1w

B(p) = B.. + (By — Bo)Exp[-B(2)’] B ZCOMev i
& By = 400 Mev fm™?



Quark St
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Hyperon-Quark Phase transition

In the language of Gibbs, the two phases are in equilibrium when their (baryon) chemical
potentials, temperatures, and pressures are equal, corresponding respectively to chemical,

thermal, and mechanical equilibrium :
Hyg = Hg = K,

TH — T‘:! =T '
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Py (st ) = PQ(Fn-Jue} =P

&
E
=
=
a

13



Results

Quark star | B=90Mevim3)
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