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Dimensionality

v« Extended relativistic gravity means that the following parameters have to
be introduced into the theory:
% M. Mass of the object producing gravitational field
¥ (. Newton’s gravitational constant
¥ c. Speed of light
¥ ag. Milgrom’s acceleration constant.
—> possible to build two characteristic lengths:




1 Action and field equations

v« Hilbert’s action for the gravitational field:
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and L,s is a “characteristic length” of the theory.

v Matter action has its usual form:
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Y¢ Null variations of complete action (i.e. § (Sg + Sm) = 0) give field

equations:

/00 X = 5 F 000 — s (VP = gund) /()

8rG L2
St BT
with A := V2V, and 65, = — (1/2¢) Tos 69%°. In what follows a
(+,—, —, —) signature will be used.

v¢ Trace of field equations:

Note: as long as Lj; does not depend on the mass and/or energy
(i.e. not a function of 7),,) the standard “mass tells space how to

curve’ holds.




2 MONDian solution

2% Assume f(x) = x” and mass is a point mass source M only. To order of

magnitude, the trace equation is given by:
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2t On the LHS of (6), (2nd term) > ( 1st term) when:
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%¢ Using the fact that R ~ k = R_? then, condition (7) is:

R.>r.

which corresponds to the relativistic MONDian regime.
v¢ Using (8) and the fact that
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Y¢ Choosing | b= 3/2 | gives:
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v« The characteristic length Lj; has to be formed from the two characteristic

a =

lengths of the theory:

Ly < r$ly;,  witha+ B =1. (12)

v¢ jThe weakest limit of a relativistic theory should not include the speed of
light ¢ on the acceleration!

— LM X C_l, LM X (’I“g lM)l/Q. (13)




v¢ Final result is a MONDIAN acceleration on its standard form:
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%¢ From this equation and the fact that R ~ 2a/c*r then
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and so, the inequality R. > r is equivalent to

which is the expected MONDian limit on the relativistic regime according
to JC Hidalgo’s talk (see also Mendoza et al. 2010).

Note. This exact solution can also be formally obtained at the
lowest perturbation analysis of the theory and the theory is co-

herent with Noether symmetries (see article in today’s mailing list:
arXiv:1108.5588).




Hilbert’s action depends on L,; which itself depends on the mass of the
system. This violates Hilbert’s postulate on the gravitational field.

“..one should not be surprised if some of the commonly accepted notions,
even at the fundamental level of the action require generalisations and

rethinking.”

Field’s action depends on the mass/energy.




3 f(R,T) gravity connection

v¢ Harko et al. (2011) have developed an F(R,T) gravity theory, with
T =T and so:

1
F(R,T) := f(x)/L3,, and “mass-energy” M := —/Td3:v

)

v¢ Field equations for a perfect fluid in this case are:
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¢ E.g. dust model in cosmology (FLRW). Friedman’s equation evaluated
today is (see paper -arXiv this week)
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for f(x) = x".
v« As a final remark, note that the function

fOx) =x

g2 1P 3372 when x <1 (Ext. Rel. MOND)
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X when x > 1 (Gen. Rel.)
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for p > —1.




Extended extending gravity
Relativistic Gravity :
across various scales
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