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» Hybrid quark stars

» Strange quark matter and quark stars

» Summary
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Param: . d fitting, < free(adjusted

Maris-Tandy Model
872 v | — exp(—t/ [4”1,2?-‘]:'

In |:T + (1 +t;“.-'1EQED)E] t
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= Dte W o

Medium effects

_ _ _ 491 56
D, (kT,u)=D", (kT,u)+D", (K;T, 1)
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TYC (g, piu) = Zalq pitt)vd + Zc(g pi i)

e (g i) =06 (g, pi ) + (G4 plo [&B(c},ﬁ:u)

where §=qg+u, p=p+u and Yl = ay-a, y+

* =1, u=(0,ipn) F=ABC
1
r(g piu) = [F(q® qa:p) + F(p*, pa: )]

. F(q*, qu:1) — F(p®. pa:pt)
Ap(g, p i) = o ,
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S(p: )" = Zoliyp + iva(ps + ip) + m

(D, (p — qi )

il

X = YpS(q: pG(q, pi ),

» Multi-solution: Chiral symmetry broken, confined vs.
Chiral symmetric, deconfined

S(p: w) ' = iypA(p?, pu, u*) + B(p*, pu, u?)
+ iy, (py + iw)C(p> pu, u?), Neglect CSC

Mass 1y = % Chiral < {q>= Iptr[S(p)]

function condensate
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Nambu

solution Vs. Wigner solution

-—--— bottom quark

——— strange quark
0.001F —— up and down quarks
chiral limit

By, o(P) =0

1000
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N-Y: Nijmegen soft core potential

> Thermal relation
= 2
i &pf_-.
- P = uipi — f
f =0)+Zpiﬂi — < ;
! __9f
ST Tor
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U; = Biug + Oillg ‘|‘L§E]ﬂ.{.e +L§“’};u;;,,

P [MeV fm™]
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Hadron-Quark Phase Transition

» Maxwell condition '
TH=T°
» Thermal equilibrium: ' .
» Chemical equilibrium: #, =H,;
» Mechanic equilibrium: pPH = p°
> Gibbs condition (Glendenning)
TH=TC

H

_.Q : :
[ e = All Chemical potentials
pH = PO

(1-Xx)pg +Xpg =0 Global charge neutrality
A-X)Y" +xY° =Y,

X: ratio of quark matter in mixed phase
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R [km] R [km]

Left: BOB+RB1; Right: BOB+RB2. Q in unit of 10000rad/s
Code: http://www.gravity.phys.uwm.edu/rns/, by N. Stergioulas

XTE J1739-285: 1122Hz/s=0.705*10000rad/s
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http://www.gravity.phys.uwm.edu/rns/

Bps[MeV fm=?||up(Ny = 3)[GeV]|ng[fm™3]| u[%] ne(Ny = 2)[GeV]

0.928 0.152 0.339 0.906

1.926 0.227 0.339 1.002

1.107 0.268 0.34 1.050

0.929 0.1588 0.338 0 0.906

1.021 0.26 0.336 0.082 1.002

1.088 0.344 0.334 0.174 L1077

2 5 0.919 0.232 0.334 0.159 0.939
7 0.992 0.316 0.334 0.226 1.032

1.05 0.388 0.333 0.255 1.11

TABLE I: Properties of quark matter at P = 0.
BC RB

o 0.25 1 2 0.5 4 5 20
Bnin[Mevfm™]| 56.5 56.1 50.2 48.6 53.5 55.1 63.1
Biax [Mevfm™] 50.5 50.2 52.8 43.3 51.8 56.6 79

TABLE II: Constraints on Bps for strange quark matter hypothesis.
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» Hadron-quark phase transition and EOS:

 Excluding hyperon by hands
« Global effects of gluon propagator and vertices.

» Hybrid Quark Stars:
* Possibility of hybrid stars with 2-solar-mass;
« Small effects of rotation on mass

» Strange quark matter and strange quark star

 Possible stable strange quark matter
« Strange quark stars slightly lighter than 2-solar mass
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_ Gme(l+p/e)(l +4m°p/m)
- 1—2Gm/r ’

Amrie

R
Mgs; = m(R) = 417[ drr’e(r)
0

At low densities:
Negele and Vautherin in the medium-density regime,

and the ones by Feynman-Metropolis-Teller and Baym-Pethick-Sutherland
for the outer crust of NS.

and Shen EoS at low density for PNS
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