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Metric-Affine Gravity

 Metric formulation
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Levi-Civita Connection
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Metric-Affine Gravity

 Metric-Affine formulation

Non-Metricity
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Metric-Affine Gravity

Metric-Affine Formulation
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Metric-Affine Gravity

General Connection Levi-Civita

connection

Tensorial
connection
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Tensor-Vector Theory

Using tensorial connection
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Tensor-Vector Theory
Contraction of tensors in

General action /‘ all possible ways

R, 55 QeQ, Qe5,

»

» Mass dimension-2 invariants
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Tensor-Vector Theory
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Tensor-Vector Theory

DeD O g(v{ ey (D) 4yl

_ oyl- }aﬁUE ))

AL) = Oahg —Osh,

(+) paBuv , (+)
|:> NelN o — 162 Z A‘ﬂﬁKﬂ K A_;rpu

i, =1

A

Canan Nurhan Karahan




Tensor-Vector Theory

Tensor-Vector Theory = GR + a theory of
three vectors

avy =

agu

AWW

avyu

avw

ayw

L
18 ST greT3ees

4
cww + 2cs + 3cas;

1,14
18 9@

1 20
—— =2 —co — 2
9 cs+gcQ cos

1,20
9 gcQ 3CQ3
7m0

18T 9@t s

Canan Nurhan Karahan




Tensor-Vector Theory

« Two different type of kinetic terms :

> Gauge-like fields — Uand V fields
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Tensor-Vector Theory

Limiting cases

1. Symmetric connection
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TeVeS from Metric-Affine Gravity

TeVeS from Metric-Affine Gravity

— General Relativity fails to account for dynamics at galactic scales
without postulating a large amount of CDM

Newton’s second Law

Relativistic
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TeVeS from Metric-Affine Gravity

MOND

Relativistic Generalization

TeVeS

bi-metrical gravitational theory

Vector and scalar fields

/ in addition to metric tensor
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Vector Fields
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TeVeS from Metric-Affine Gravity

TeVeS Action Ingredients
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TeVeS from Metric-Affine Gravity
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Constraint : Anti-symmetric tensorial connection
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TeVeS from Metric-Affine Gravity
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TeVeS from Metric-Affine Gravity
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TeVeS from Metric-Affine Gravity

Sz =

/ d'z(-g)? [R+ K™V, A, V,A,]

|

1611'{?

S =—

Tre f diz(-g)* [ﬂ (G = A4V ao Vo + V( H)]

- 1 _*-12* ab _ ~ab
S =~ | d2(=9)F [KFFop =20 Aoy + 1)

Canan Nurhan Karahan




Conclusion

Conclusion

* Metric-Affine Gravity generalize the GR by accommodating
an affine connection that extends the Levi-Civita connection

* Tensorial part of connection, under general condition can be
decomposed into three independent vector fields

* Tensor,vector come into action in a natural way
* The resulting tensor-vector theory is rather general

* By imposing judicious constraints, theory can be reduced to
more familiar ones like TeVeS gravity

Canan Nurhan Karahan

\R NS,
SN,
[~ A
m e
o
5
=, v
) 3
070N



Conclusion

Conclusion

Metric-affine gravity is rich enough
to supply various vector and scalar

fields needed in cosmological
phenomena !!!
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