
The kinetic gas universe
- 

Lifting the Einstein Vlasov system to the tangent bundle

1

Christian Pfeifer 
Laboratory for Theoretical Physics, Center of Excellence “The Dark Universe” 

University of Tartu 

Joint work with N. Voicu and M. Hohmann

Virtual Conference of the Polish Society on Relativity 2020 

European Union
European Regional 
Development Fund

Investing
in your future



2

The gravitating kinetic gas

Christian Pfeifer, Uni Tartu Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and Outlook



3

The kinetic gas

The gravitating kinetic gas

Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and OutlookChristian Pfeifer, Uni Tartu



4

The kinetic gas

The gravitating kinetic gas

Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and OutlookChristian Pfeifer, Uni Tartu



5

∂ϕ
∂xa

·xa +
∂ϕ
∂ ·xa

··xa = C

ϕ(x, ·x)
The kinetic gas

The gravitating kinetic gas

Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and OutlookChristian Pfeifer, Uni Tartu



6

Einstein Vlasov equations

Rab −
1
2

gabR =
8πG
c4

Tab∂ϕ
∂xa

·xa +
∂ϕ
∂ ·xa

··xa = C

ϕ(x, ·x)

Tab = ∫Vx

·xa ·xb

gcd
·xc ·xd ϕ(x, ·x)Σx

The kinetic gas

The gravitating kinetic gas

[Andreasson 2011]

Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and OutlookChristian Pfeifer, Uni Tartu



7

The fluid

Einstein Vlasov equations

Rab −
1
2

gabR =
8πG
c4

Tab∂ϕ
∂xa

·xa +
∂ϕ
∂ ·xa

··xa = C

ϕ(x, ·x)

Tab = ∫Vx

·xa ·xb

gcd
·xc ·xd ϕ(x, ·x)Σx

The kinetic gas

The gravitating kinetic gas

[Andreasson 2011]

Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and OutlookChristian Pfeifer, Uni Tartu



8

The fluid

Einstein Vlasov equations

Rab −
1
2

gabR =
8πG
c4

Tab∂ϕ
∂xa

·xa +
∂ϕ
∂ ·xa

··xa = C

∇aTab = 0

Tab = α(x)UaUb + β(x)gab

ϕ(x, ·x)

Tab = ∫Vx

·xa ·xb

gcd
·xc ·xd ϕ(x, ·x)Σx

The kinetic gas

The gravitating kinetic gas

[Andreasson 2011]

Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and OutlookChristian Pfeifer, Uni Tartu



9

The fluid

Einstein Vlasov equations

Rab −
1
2

gabR =
8πG
c4

Tab∂ϕ
∂xa

·xa +
∂ϕ
∂ ·xa

··xa = C

∇aTab = 0

Tab = α(x)UaUb + β(x)gab

ϕ(x, ·x)

Rab −
1
2

gabR =
8πG
c4

Tab

Einstein equations

The kinetic gas

The gravitating kinetic gas

[Andreasson 2011]

Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and Outlook

Tab = ∫Vx

·xa ·xb

gcd
·xc ·xd ϕ(x, ·x)Σx

Christian Pfeifer, Uni Tartu



10

Einstein Vlasov equations

Rab −
1
2

gabR =
8πG
c4

Tab∂ϕ
∂xa

·xa +
∂ϕ
∂ ·xa

··xa = C

∇aTab = 0

Tab = α(x)UaUb + β(x)gab

ϕ(x, ·x)

Rab −
1
2

gabR =
8πG
c4

Tab

Einstein equations

gas planets accretion discs

neutron stars

the universe

The fluid

The kinetic gas

The gravitating kinetic gas

[Andreasson 2011]

Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and Outlook

Tab = ∫Vx

·xa ·xb

gcd
·xc ·xd ϕ(x, ·x)Σx

Christian Pfeifer, Uni Tartu



11

Einstein Vlasov equations

Rab −
1
2

gabR =
8πG
c4

Tab∂ϕ
∂xa

·xa +
∂ϕ
∂ ·xa

··xa = C

∇aTab = 0

Tab = α(x)UaUb + β(x)gab

ϕ(x, ·x)

Rab −
1
2

gabR =
8πG
c4

Tab

Einstein equations

Tab = ∫Vx

·xa ·xb

gcd
·xc ·xd ϕ(x, ·x)Σx

gas planets accretion discs

neutron stars

the universe

The fluid

The kinetic gas

The gravitating kinetic gas

[Andreasson 2011]Information is lost through velocity averaging!

Introduction - Particles and Finsler - Gas Action and Finsler - Gas Gravity Coupling - Summary and OutlookChristian Pfeifer, Uni Tartu



The fluid

12

As fluid (relativistic)
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Information is lost through velocity averaging!
This talk: The gravitational field of kinetic gases without velocity averaging

Taking the velocity distribution of the gas particles into account!
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Homogeneous and Isotropic Ansatz
Φ = ρ(x)e1−

·t2
·t2 − a(t)2w2
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