QCD at Finite Density

From the Lab to the Stars



Properties of Neutron Stars
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Evolution of Neutron Stars
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Composition of Neutron Stars
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Composition of Neutron Stars |
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Observational Constraints

Mass-radius relationship, maximum mass
Equation of state
Cooling behavior
Phase structure, low energy degrees of freedom
Rotation
Equation of state, Viscosity
Spin-down, glitches

Superfluidity



Masses of Neutron Stars
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Tolman-Oppenheimer-Volkov Equation

Structure equation in Newtonian mechanics

dp _ Gp(r)M(r) _ Ge(r)M(r)

dr r2 c2r?

M(r) = 47?/0 r'er’p(r’)

Relativistic corecctions

[esimal [

Note: All corrections are positive



Mass-Radius Relation
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Cooling Processes

Direct URCA process

n<—p+e —+U (fast)
Indirect URCA process

n+n<—p+nte +0v (slow)
Quark direct URCA process

d—u+e +U (fast)
Collective modes

= et 4+ KT —sef4u (very fast)

superfuidity suppresses URCA process
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Conclusion: The Many Phases of QCD
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