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" Compact Star Properties

+Some of the stunnlng propertles of'
a Compact Star

"N~ 1057 baryons .
R~10-12km 4 .

" B~ 108 166 E 101418 V/cm

L T-100EK ot

- Total number ~ 109 10'.10,
+ Currently known-~ %700 . = .+ it
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. Quark Matter is a new type of matter that is bemg searched for
at the RI—IIC (Relat1v1st1c Heavy Ion Colhders) at Btookhaven (USA)
and at CERN (Europe) - . _
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_ STranée Quark Matter Ci\emical Equil'ibrTum _
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Field Equation for Strange Quark Matter

Landau Potentials of Quarks
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Chemical equilibrium and charge
neutrality condition
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_S“rrahgé Quark Matter Composition
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Nuclear matter density
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- Strange Quark Matter Composition
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Nuclear matter density




Strange Quark Matter Composition
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~must be computed in the fra'mewbrk .

——

-of Einstein's theory of general + %

relativity.

- T & T
- R E & i 4

| ds® = ""etdt — e dr® — 2 (df” 4 sin®0do” ) R VUL r

T!' = (p + e)u'u, + pdl £nergy-Momentum Tensor (EOS)

Guu_.- — 87TT:/;L ' Einstéin's Equation

+ 4

dp  [p(r)+ €(r)][m(r) + 4ar’p(r)]

— — TOV equation (Gengral Relativistic
dr r(r—2m(r)) Hydrostatic equilibrium)

* Stellar mass

r 1 | 1] |I' '} / 1
m(r) = 4w [ drree(r)
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Depleffon of sTr'ange quar'ks hear The surface and
. the: scr'eenmg of elec’rr'ons genera‘re an ul'rra hlgh
ele;’rr'rc fleld | g e

Star
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STrucTure of :ged Quark: -
i Smrs ik Sk
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: is'_lmodifie.d' by the pre_sence"pf an electric field.

+ . R .

(p+ €eJu,u” + pd,* +4—(F“’FEJ+—¢ “Fiu F’) N

A dm Ene.rgy-Momentum TensSor (EOS)
20 ( _|_'1_f( _ @ \ |
dP T\ P 2 o Q dQ
drrt dr _TOV equation (General Relativistic
. Hydrostatlc equmbrlum)
dm  dnur? _ | b ok A0
—— =t T 5 - “Stellar mass
dr c- c r dr ' A ; ;
dQ 7o exp(—((r —r,)/b)?) exp(A/2) R + _
dr 9 ( -\..-""'Ei'r"ﬁ 4 +r, DL x,??, L_‘] . Relativistic Gauss's Law
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STrucTure of Char: Quark- -
bl hp S’rars R SN
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. is modified by the pr'e_sence"pf an electric field.

-

-Energy-lv_lomentum TenSor (EOS)

4

- TOV equatioh+(Ge_neréI Relativistic
Hydrostatic' equilibrium)

dm  dnr 3
- = E - Stellar mass
dQ 7o exp(—((r —r,)/b)?) exp(A/2) oo wE A h, s W _
dr 2(\/7b3 4+ r 0% + \/7r2b/2) ‘Relativistic Gauss's Law
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‘Stellar Sequences
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‘Stellar Sequences




- How does a superficial elec’rruc fleld change
| bulk proper’rles of a s’rmnge s’rar")
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Strange Neutrinos

Stars

.18 E[escrlbed )% general relat1v1st1c equatlon of energy balance :

andenergytransport+ . e e e g




Thermal Evolution Equations
(s 2N
7 ev/1—2m/r - SOt | ; |
+ Le, - (le™) SRS el T
1672 r4Ke \dm ?
Microscopic input: *

. .+ .I. 26 e]_() : * 5 : 3 -, +
Neutrino Em|SS|V|ty: e, (t, e, T) ox 10 p— Equatlons need to be -
Specific Heat: . jC (t.e,T) < 10" ‘elgg’K - SOLved fOI‘ a ’glmesc;*ale Of
Tt - el 10" years!

Thermal Conductivity: [IERMES 1034 .
it X . | cm K s
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Observed Ther'mol Propertnes of Compact Stors |
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CXOU J232. J;T.U— 584843

RX J0852.04622

RX J1713.73946 0 x 107 32.63 ‘
RX JO&22 -4300 ) ¢ 23 [0
1E 1207.4-5209

CXOU J85238.6+004020

~ Central Compact Objects
. Compaot o.bjects Iooated at the oe'r_\ter of supe-rn,ova rembah.ts. 3 |

4

. Spectrum IS very weII f|t by a one or two component black body model

. Predlcted unusually smaII radu (0. 3 5.0 km)



Observed Thermal Properties of Compact Stdrs
- ' — Na.ne ' X 1[}*'-i | -
(10° 11411-3)

SGR 1806-20
1E 1048.1-5937
: _ _ CXO J164710.2-455216
' | SGR 0526-66
e ST - 1RXS J170849.0-400910
; 1E 1841-045
SGR 1900+14
CXOU J010043.1-721134
XTE J1810-197
RX J0720.4-3125
RBS 1223

- Soft Gamma-Ray.Repeaters and Anomalous X-ray pulsars

N 'E_mission of irregUIar bursts of ultra energetic X-ray and Gamma rad-iatioln.._

+ g *

‘e Very h'igh observed témperétures.
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.C°°“”.9+°f Bare Strange Quark Stars X
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" “Cooling of Crusted Strange Quark Stars :
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SUpe}".conduc’_r'ing Quq_r‘k' Mqﬁer"..,
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Quarks form -

pa1rs
exhlblts suppressmn of neutrlno emlsswltles and a reductlon
i specificheat = | e 2 : i

Neutrino _emlssw'ities': .

. ; .
‘ _ +

Specific heat: .



‘Cooling of Superconducting Strange Quark Stars

_____A=10MeV

Age (Years)



“Vortex Expulsion in Superconducting Strange Stars




Very high temperature observed for SGRs and AXPs
Regular strange quark matter
——_—_ NS(HA 14 P'»-‘If]"h-"l:__m_I

" — NS I:_HH'I‘ b I.H h“IJ‘rI\"‘]:‘-I—_r_
+ : CFL strange quark matter




' Coollng of Superconducting Strange STar's
B Expemencmg Vortex Expulsmn '

— E|"|=]III P =0 l]‘-.




 Cooling of Superconducting Strange Stars
- Experiencing Vortex Expulsion”

=26x10"G,P =145

=3.1x10 G,P, =135
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-The bqu propertles of strange quark matter strongly depend
- on the vaIue for the strong Couplrng constant (a). -

.C

o The vaIue of o and the superoonduotlng gap parameter A are ..
. very |mportant+for the thermal evqutlon of strange stars |

' . The observed temperature of CCO S could be epralned by |
assumrng these obJects are superoonductlng strange stars

. The hlgh temperatures of SGR‘s and AXP' s can be very WeII
g modeIed by the vortex expuIS|on meohamsm a |

.-"" : : _. +'
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