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OutlineOutline

•• MetricMetric--affine gravity affine gravity 

•• Conservation lawsConservation laws

•• Propagation equationsPropagation equations

•• Special casesSpecial cases

•• Open problemsOpen problems
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Potentials Field strengths ExcitationsGauge currents Matter currents

Metric-affine gravity (MAG)Metric-affine gravity (MAG)

NonmetricityNonmetricity

TorsionTorsion

CurvatureCurvature
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A more general connectionA more general connection

NonmetricityNonmetricityTorsionTorsion

Dirk Dirk PuetzfeldPuetzfeld (U Oslo),(U Oslo), ““The motion of test bodies with microstructure in gauge gravity mThe motion of test bodies with microstructure in gauge gravity modelsodels””

Conservation lawsConservation laws

Hypermomentum conservationHypermomentum conservation

EnergyEnergy--momentum conservationmomentum conservation
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Integrated conservation lawsIntegrated conservation laws
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General form of the integrated conservation laws in MAGGeneral form of the integrated conservation laws in MAG
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Alternative form of the integrated conservation laws in MAG Alternative form of the integrated conservation laws in MAG 
Dirk Dirk PuetzfeldPuetzfeld (U Oslo),(U Oslo), ““The motion of test bodies with microstructure in gauge gravity mThe motion of test bodies with microstructure in gauge gravity modelsodels””



7

PolePole--dipole propagation equationsdipole propagation equations
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Alternative form of the poleAlternative form of the pole--dipole propagation equationsdipole propagation equations
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Rewritten propagation equationsRewritten propagation equations
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Detecting post-Riemannian 
structures

Detecting post-Riemannian 
structures
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Single-poles without
hypermomentum

Single-poles without
hypermomentum

Geodesic 
equation 
based on

Geodesic 
equation 
based on

In MAG single-pole test particles 
without microstructure move 
exactly in the same way as in GR!
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Weyl-Cartan pole-dipole caseWeyl-Cartan pole-dipole case
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Weyl-Cartan single-pole caseWeyl-Cartan single-pole case
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Riemann-Cartan pole-dipole caseRiemann-Cartan pole-dipole case
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Riemann-Cartan single-pole caseRiemann-Cartan single-pole case
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Riemannian pole-dipole caseRiemannian pole-dipole case
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Mathisson-Papapetrou equationsMathisson-Papapetrou equations
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ConclusionsConclusions

•• Very general framework, contains Very general framework, contains 
nearly all known theories as special nearly all known theories as special 
casescases

•• Only test particles with microstructure Only test particles with microstructure 
allow for a detection of nonallow for a detection of non--
Riemannian spacetime featuresRiemannian spacetime features
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Open problemsOpen problems
•• Invariant definition of momentsInvariant definition of moments

•• Supplementary conditionsSupplementary conditions

•• HigherHigher--ordersorders

•• Relation to other approximation schemesRelation to other approximation schemes

•• Numerical implementationNumerical implementation
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