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● Einstein field equations

● Vlasov-Boltzmann equation

● Energy-momentum tensor

Einstein-Vlasov-Boltzmann system
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Construction of
Spherical Static Solutions
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Spherical Static Solution
● Cartesian Schwarzschild-like coordinates
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Spherical Static Solution
● Einstein field equations
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Local Equilibrium
● Equilibrium distribution function 

[F. Jüttner - Z. Phys. 47 (1928) 542 ]
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Local Equilibrium
● Equilibrium distribution function 

[F. Jüttner - Z. Phys. 47 (1928) 542 ]

    
●  In equilibrium the collision term vanishes
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Global Equilibrium
● Ansatz [N.A. Chernikov - Acta Phys. Pol. 26 (1964) 1069]

● We want a static solution and we chose 
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Global Equilibrium
● Vlasov-Boltzmann equation is then satisfied for
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Global Equilibrium
● Vlasov-Boltzmann equation is then satisfied for

Tolman law



Hannes Rüter 11

Setup
● Choice of particles

– Only neutrons
– mp  m= n  = 8.42 10-58 M⨀ 

               = 937 MeV (neutron mass)
– Fermions: 
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Stellar Profile
● Mass function
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Stellar Profile
● Temperature
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Stellar Profile
● Energy density
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Stellar Profile
● Mass function
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Stellar Profile
● Mass function

All solutions 
with finite T 
and finite μE 
have infinite 
mass



Hannes Rüter 17

Solutions to Infinite Mass
● Artificial confinement wall
● Artificial modification of the equilibrium 

distribution function
(e.g. King model)
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Total Mass

For a
confinement wall 
at x=50 M⨀ 
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Total Mass

For a
confinement wall 
at x=50 M⨀ 
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Total Mass

At x=50 M⨀
For a
confinement wall 
at x=50 M⨀ 
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Outlook
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Dynamical Evolutions
● Solve time-dependent Einstein-Boltzmann-

system
– how does the system approach equilibrium?
– cool-down
– evaporation
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Summary
● For the temperature profile the Tolman law is 

recovered.
● Static solutions with finite temperature and finite 

density have infinite mass
● Finite temperature systems must be treated 

dynamically
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Stellar Profile
● Entropy Density
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Stellar Profile
● Rest mass density
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Total Mass
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Total Mass
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