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Einstein-Vlasov-Boltzmann system

* Einstein field equations
G, =81l

* Vlasov-Boltzmann equation
p'ua,uf — Fi,uup'upyapif — C[f] f — f(ta xiapi)
* Energy-momentum tensor
d>p

TH = —c/p“p”f\/jg 3
h°p
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Construction of
Spherical Static Solutions
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Spherical Static Solution

e Cartesian Schwarzschild-like coordinates
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Spherical Static Solution
* Einstein field equations
0.m = —drx*T?,

AnT® .23 +m

2 — 2max

O,V =



Local Equilibrium

* Equilibrium distribution function
[F. Juttner - Z. Phys. 47 (1928) 542 ]

_Ys 1
feq - h3 e~ (up+Uup”)/kT 4 ¢

gs - multiplicity 1t - chemical potential
h - Planck constant kp - Boltzmann constant
1" - temperature

UF - average four velocity

Hannes Riiter

e - fermions: € =1 bosons: € = —1



Local Equilibrium

* Equilibrium distribution function
[F. Juttner - Z. Phys. 47 (1928) 542 ]

_Gs 1
feq - h3 e~ (up+Uup”)/kT 4 ¢

* |n equilibrium the collision term vanishes

C[feq] =0
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Global Equilibrium

e ANSalz [N.A. Chernikov - Acta Phys. Pol. 26 (1964) 1069]

- 1
I = G 0. e e T 1

 \We want a static solution and we chose g+ =0
U,(z") = (—€,0,0,0)
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Global Equilibrium

* Vlasov-Boltzmann equation Is then satisfied for

4 )
Qf = HE = const.
kT
kple” = const.
\_ J

oy - fugacity

m,, - particle mass
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* Vlasov-Boltzmann equation Is then satisfied for

Global Equilibrium

4 )
Qf = HE = const.
kT
kple” = const. =
\_ J

oy - fugacity

m
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p - particle mass

Tolman law
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Setup

* Choice of particles

- Only neutrons

- my, =m, = 8.42 10°® Mg
= 937 MeV (neutron mass)

- Fermions: =1
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Stellar Profile

e Mass function

up(z=0)= 134mn~22 /
kg1 = 0.0005m,,
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Stellar Profile

* Temperature
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temperature kgT/M
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Stellar Profile
* Energy density
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Stellar Profile

e Mass function

central chemical potential pg(x =0)=1.34m,,
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Total Mass
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Total Mass
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Total Mass

kpT=4.210 51A1,
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Outlook
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Multiple Particle Species

* Non-interacting species
- For example dark matter particles
- Ansatz carries over

* |nteracting particle species

— Scattering term C[ f] no longer vanishes for Fermi-
Dirac distribution
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Summary

* For the temperature profile the Tolman law Is
recovered.

* Not all combinations of central temperature and
density lead to solutions with finite mass
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Stellar Profile
* Entropy Density
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Stellar Profile

* Rest mass density

central chemical potential up(z=0)=1.34m,,
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total mass M/M
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