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Some of the stunning properties of 
a Compact Star:

R~10−12 km

N~1057 baryons

M~1−2  Msun

 B~108 .... 16 G, E ~1014-18 V/cm

 T~106 .... 11 K

 Total number  ~ 109 − 1010

 Currently known ~ 1700 

~ 1015g/cm3}

 Compact Star Properties
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Strange Quark Matter

Proton

Quarks

Quark Matter is a new type of matter that is being searched for  
at the RHIC (Relativistic Heavy Ion Colliders) at Brookhaven (USA) 
and at CERN (Europe)



  

Strange Quark Matter Chemical Equilibrium

Chemical Equilibrium:



  

Field Equation for Strange Quark Matter

Landau Potentials of Quarks

Chemical equilibrium and charge 
neutrality condition

Equation of State



  

Strange Quark Matter Composition

Nuclear matter density



  

Strange Quark Matter Composition

Nuclear matter density



  

Strange Quark Matter Composition



Structure of Quark Stars...
... must be computed in the framework 

    of Einstein's theory of general 

    relativity.

Metric

Energy-Momentum Tensor (EOS)

  TOV equation (General Relativistic 
  Hydrostatic equilibrium)

Stellar mass

Einstein's Equation
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Surface Electric Field
●    Depletion of strange quarks near the surface and 

the screening of electrons generate an ultra high 
electric field.
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Structure of Charged Quark 
Stars ...

   … is modified by the presence of an electric field.

Energy-Momentum Tensor (EOS)

  TOV equation (General Relativistic 
  Hydrostatic equilibrium)

Stellar mass

Relativistic Gauss's Law



Structure of Charged Quark 
Stars ...

   … is modified by the presence of an electric field.

Energy-Momentum Tensor (EOS)

  TOV equation (General Relativistic 
  Hydrostatic equilibrium)

Stellar mass

Relativistic Gauss's Law



  

Stellar Sequences

PSR J0751+1807



  

Stellar Sequences



  

How does a superficial electric field change 
bulk properties of a strange star?



Thermal Evolution...

... is described by general relativistic equation of energy balance 
and energy transport:

Strange 
Quark 
Stars

Photons

Neutrinos



  

Thermal Evolution Equations

Microscopic input:

Neutrino Emissivity:

Specific Heat:

Thermal Conductivity:

Equations need to be
solved for a timescale of
107 years !



  

Observed Thermal Properties of Compact Stars

Central Compact Objects

● Compact objects located at the center of supernova remnants.

● Spectrum is very well fit by a one or two component black body model.

● Predicted unusually small radii (0.3 – 5.0 km).



  

Observed Thermal Properties of Compact Stars

Soft Gamma-Ray Repeaters and Anomalous X-ray pulsars

● Emission of irregular bursts of ultra energetic X-ray and Gamma radiation.

● Very high observed temperatures.



Cooling of Bare Strange Quark Stars



Cooling of Crusted Strange Quark Stars



Superconducting Quark Matter...

… exhibits suppression of neutrino emissivities and a reduction
of specific heat

Neutrino emissivities:

Specific heat:

Quarks form 
pairs
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Cooling of  Superconducting Strange Quark Stars



Vortex Expulsion in Superconducting Strange Stars

B
B



Very high temperature observed for SGRs and AXPs



Cooling of Superconducting Strange Stars
Experiencing Vortex Expulsion



Cooling of Superconducting Strange Stars
Experiencing Vortex Expulsion



Conclusions

●The bulk properties of strange quark matter strongly depend   
on the value for the strong coupling constant (α

c
).

● The value of α
c 
and the superconducting gap parameter ∆ are 

   very important for the thermal evolution of strange stars. 

● The observed temperature of CCO's could be explained by     
   assuming these objects are superconducting strange stars.

● The high temperatures of SGR's and AXP's can be very well   
   modeled by the vortex expulsion mechanism.
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