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Fundamental features of geometry

« The metric g%# - the infinitesimal distance between two points:

ds? = gopdx®dxP

+ The connection T2 s -acurve with covariantly constant tangent vector:

d?xH L dx® dxﬁ
ds? af ds ds

* No Torsion :
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Metric Formalism vs. Palatini Formalism

Metric formalism:

- Dependence only on the metric and its derivatives.
. P ] ]:i'.i
* Christoffel Symbol v} = 58 (Bapy + vy — Euv.d)

Palatini Formalism:

* The connection is being an independent degree of freedom in the action.

Is there any correspondence between those
formulations?




Metric Formalism

* Field equation
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Palatini formalism

- Field equation: * I variation:
lRZ.
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A difference in squared gravity terms

 Palatini Formalism: * Contribution for the metric formalism:
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The metricity constraint

Phys.Rev. D98 (2018) no.4, 044023
arXiv:1805.09667v2

David Benisty, Eduardo Guendelman

The theorem:



https://arxiv.org/abs/1805.09667v2

The contribution for the metric E.o.M
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By changing the indices:
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* The new contribution:
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A correspondence for squared gravity terms
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A path integral approach

First order Formalism
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Second order Formalism




Phys. Rev. D 95, 124048 arXiv:1704.07246
J. Struckmeier, J. Muench, D. Vasak, J. Kirsch, M. Hanauske, and H. Stoecker

Hamiltonian for dynamic spacetime

k%PY as a metric conjugate momenta:

~

Z = ]}aﬁ)/gaﬁ’y — H

For a gauge theory that includes general mapping of space time x — X,
we identify the connection ygﬁ as the gauge field of these C.T.

Condition for canonical transformation under a dynamical spacetime.
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Ffis the generating function.
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Gauge Hamiltonian

A
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Yields the transformation rules for the metric:

G = dx® dxP
uv = Gap 5xv gy

and the connection:
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The equations of motion
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L pys
L= kaﬂygaﬁ;y - quy ng(s _ HDyn(g: q, k)

Sample Hpyp

For a Hamiltonian with a quadratic momentum q:
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The equation of motions: (k,I',q,g)
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D. Benisty E. |I. Guendelman

D.Vasak J.Struckmeier

arXiv:1808.01978
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The energy momentum tensor:
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arXiv:1809.10447
David Benisty, Eduardo I. Guendelman, David Vasak, Jurgen Struckmeier, Horst Stoecker

DOI: 10.1103/PhysRevD.98.106021

Hpyn (8 q) without breaking metricity

Similar definitions for g tensors as Ricci tensor and Ricci scalar:

A
Qg = Qap» 4 = dapd™”

Lead to the general combination of the covariant Hamiltonian:
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The E.o.M behave as in the second order formalism, and the energy
momentum tensor is conserved.
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The equation of motions

g1 921 922 J23
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The E.o.M:
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The momentum of the connection

Qﬁvp = alevp + 55 (azRup + gyp(a3q + a4))

1

(Xl = -
923

. 1 922
923 923 + 4922

sz:

_ 1 921
16921 + 4922 + 923 923 + 4922

C(3=

B 91
16g9,1 + 4922 + 923

a4:



Legendre Transform
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The cosmological constant: ,
91
AN=4g,a,+ gg = — +
Jrfta T Jo 16921 + 4922 + 923 Jo

Cosmological seesaw mechanism

16g,1 + 492, + go3 > 1




Gauss Bonnet
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g1 =1, g22 = —4, g3 = 15

Conformal gravity

L= —1c, pcmvas

g1 =1, g22 = 10, g3 = —35

g1=90=0
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Coincident General Relativity

0 =g ({fI{a) - {ai}).
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summary

- Modified theories of gravity —
A connection between 2 formulations.

* Hamiltonian gauge theory of gravity —

Momenta for the metric and the connection.

* Quantum Gravity —
No higher derivatives in the action.




