TARTU ULIKOOL

= rudsika Instituut

1111
631

-
1

Motivation

e Only 5% of the universe are visible.
e 95% are completely unknown.

e |dea: Add negative mass standard model.

= Both copies appear mutually dark.
= Well-known masses and couplings.
e (Galaxies of both types should exist.

~~ Repulsion drives accelerating expansion.

Repulsive Einstein gravity

e Positive and negative test masses.
Two types of observer trajectories.
Autoparallels of two connections V=.
Attach parallely transported frames.
Orthonormalize with two metrics g7

Bimetric repulsive gravity not possible [1].

Solution: Multimetric gravity.

Multimetric gravity

e N > 3 metric tensors g!,.
e N standard model copies ¢!

= Sulg?, ¢’ /d4m\/ "Lulg', ¢']

e SM copies couple only to their metrics:
= S=095¢ [gl, e

= Field equations: K, = 87T, .
e Example gravitational part of the action:
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e Free constant parameters ¢; and cs.
e [?(S) quadratic in S/ =11 —T".
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Summary

Multimetric extension of PPN formalism.
Application to concrete gravity theory.

Experimental consistency confirmed.
Consequence: accelerating expansion.
Negative gravitational lensing.

Manuel Hohmann

Multimetric PPN formalism

e Assume perfect fluid matter.
e Introduce velocity orders O(n) ~ |v|™:

e Post-Newtonian metric ansatz:
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Post-Newtonian potentials:
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Constant post-Newtonian parameters:
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Determined by field equations.
Linked to observable effects:

— Gravitational lensing.
— Lorentz invariance.
— Conservation laws.

Standard PPN formalism

o |ldentify visible matter with ©*.

= Matter distribution yields PPN potentials.
e |dentify visible metric with ¢}, .

= ¢!, observable in solar system tests.
e Consistency with experiments:

all =1

0'_1|_1 = —2,

11
¢H _27
wi' =4,
111
1 _07

111
3 __27

111
5) _Ov

111
7 _Ov

e Rescaling of Newtonian constant o't = 1.

e Gauge freedom 6! = 0 and ¢;!! = g“.

= 13 physical parameters can be measured.

Outlook

Effects of new PPN potentials?

How to measure new PPN parameters?
Multimetric conservation laws?

Tests using double pulsars?

Tests using gravitational waves [4]?
Cosmological tests / CMB?

Simulations of structure formation?
Search for dark galaxies?
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Post-Newtonian formalism for multimetric gravity(gfcog
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Results

e Consistency conditions on ¢; and cs:
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e Further conditions on F%(9).
e Multimetric PPN parameters:
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+ lengthy result for o{/%, ... pL/E,
= Multimetric gravity satisfies PPN bounds.

Cosmological consequences

e Cosmological symmetry:

g' =—(n'

e Perfect fluid matter:
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e Sector symmetry: drop all indices 1.
= Field equations simplify:
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= Accelerating expansion [2]:
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e Scale factor a(?):
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e Matter density p(%):
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e Hubble parameter H = a/a:
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