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Abstract: We consider a Born-Infeld like action for gravity coupled to an external connection field. We show that the equation of state of this fluid
interpolates between dark matter and dark energy. We also show that on galactic scales this system predicts asymptotically flat rotation curves. This

action is motivated by looking at a regime where the metric vanishes, and replacing the big bang by a smooth transition between a topological
manifold to a Riemannian manifold.
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A proposal for dark matter and dark energy from the GR point of view

G, =861, +7,
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» WWe propose a dark component made of a fluid present
“before the metric was created...”

*This fluid behaves as:
dark energy (cosmological constant) at large scales

dark matter at small scales

*The analysis follows from gravitational dualities and the state
g_m* . O

s ® IDTMIQUING analogies with symmetry breaking will be highlighted and
serve as guiding principles.
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Based on collaborations with. ..

-Rotations curves and observational constraints, A. Reisenegger and N. Rojas

-CMB anisotropies: P. Ferreira, C. Skordis. MB, in preparation

-Bianchi models and isotropization, D. Rodrigues, to appear
*Next to leading order corrections to rotation curves, M. Bennet, MB.

-Stability of the “C-Particle”, dualities and formal aspect of the Born-Infeld action.
The Chaplygin gas and extensions. A. Gomberoff.

Pirsa: 08060141 Page 5/18



GR with no metric...? A first ‘easy’ look with tetrads.
. R =0
abed T

a b
&gl € =0

-- The unbroken state of general relativity (Witten 88)
- Topology change (Horowitz 90)
- Spontaneous symmetry breaking (Giddings 91)

a
~ aresolvedby € = O

But something is kicking at the bottom:

This field, present “before the creation of the metric’,
meads to be understood

At e=0 the spin connection, and hence the curvature R
becomes completely unconstrained (and thus random)!
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A similar situation occurs in other systems:

(the external field playing the role of metric) A‘: External magnetic field

‘]M U EEERVA ----*/-I--/

However, If the temperature is not too high. then, interactions between the
spins can keep the ordered state after the field is removed

ST " T
il it R A

Could one find an interaction such that, as the metric is removed, the
spin connection does not go wild?

T
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Yes, and in quite a “unique way . Go back to the metric formulation and propose:

1

l[g.T]=—— i | Jdetr, @) + [J2@R ()+A,)

r— — -
—

Einstein-Hilbert vanishes,
if the metric vanish (for d>2)

» Unique diff. invariant form -with two derivatives- existing with no metric

Eddington action:

*The action now has two cosmological constants entering in the form

1‘\1 <> L
A 0

» |[f the metric vanishes, the dynamics is now controlled by the Eddington term

Does Eddington’s term induce interesting (new) effects?

e osscnar | NO, It does not (in vacuum!) due to a duality. page 8/18




Parent actions and de Sitter gravitational dualities (Fradkin and Tsevilin (85))

I1g.T]=g(g" R, (D)+A)

ol
— =0
C)yl_u;n* {i_r | :
1 So =0 = v — _\RLIL(]‘—)
i . & (v ‘
> ru.-‘-'“’_..)g (gﬁz11'+gﬁu_.ff fg:m:ﬁ)

|
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Yes, and in quite a “unique way’. Go back to the metric formulation and propose:

1

1
f[g.T]=——|——[|detR,, (D) + [Jg(R (2)+A,)

r— — g
——

Einstein-Hilbert vanishes,
if the metric vanish (for d>2)

» Unique diff. invariant form -with two derivatives- existing with no metric

Eddington action:

*The action now has two cosmological constants entering in the form

Ay *(—)L

A 0

« |[f the metric vanishes, the dynamics is now controlled by the Eddington term

Does Eddington’s term induce interesting (new) effects?

e ososcnar | NO, 1T does not (in vacuum!) due to a duality. page 10118




[ he opposite effect: “spontaneous geometrization”.

Spins can become correlated via spontaneous symmetry breaking (no external field! )

I /17 1,/
7> \/ SN |
Spontaneous field = % N> \ a
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The gravitational analogy. Two fields:

“external” and “spontaneous’

o
S aff

(“r i gﬁ

I=||JgR+A)+

Al

94

det(g,,, —

1
—K
A,

W (O)

Describing:

*General relativity

*The Eddington field (independent) from the external metric

-Both coupled by a Born-Infeld like term, also quite “unique”

- Two self dual theories interacting

Applying duality this theory can be written as a bi-gravity theory (A. Gomberoff)
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I=[JgR+A)+\q(K+A,)+\qq"g,,

of the form recently considered by Arkani-Hamed et all
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What is this theory good for.... If anything?
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The scale factor in Friedman models evolve correctly,
adding neither dark matter nor dark energy

Bom-Inteld Grawity vs Fnedman
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" For small times a ~ t22
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Friedman
EBl Grawty

The equation of state of the Eddington-Born-Infeld fluid evolves from
p=0 (young Universe) into p=-p (old Universe)
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Dark matter is also important in galactic motions:

I S i e e e R I R T T Reoalior © e "o KBy deEy
_ Data e e ok e |
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Radius |kpc|
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Solutions with spherical symmetry - y
yield the expected rotation [ 2 e W s
curves. il Y A T
E'I:I—I 2 = e i i e
= ll, / I. o = =5 = 3 S
Three free parameters: o e
Velocity scale (y). distance scale (x). b =
: ®1/ - Only dark matter (C). No baryonic
and an extra parameter controlling shape : T —— .
contributions in this picture
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Two last remarks:

- Electromagnetism has a dual formulation. However magnetic
charges has never been observed... Wouldn't be nice if dark matter and

dark energy were sources for the de Sitter gravity dual theory?

« (Giddings Big-Bang picture revisited

T I (R N o I.

X177, = Jldet(g, —I’K, (C))|++g(R+A)+ L,
2. = () AL LA - {zf‘ﬂ . . (C)) | ++/8( ) ”

L ] Eddington-Born-Infeld + Einstein
T + “atoms”

6“‘3‘?;33'”;.?%1. LO — J3 \/det( K _((“)) ‘primordial
75 vl field”

S -
Ir““-—___ _:_'flr___—_-l——_':hf_'___%q_‘_&d_, 2 Edd ] n gto n
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Thank you
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Two last remarks:

- Electromagnetism has a dual formulation. However magnetic
charges has never been observed... Wouldn't be nice if dark matter and

dark energy were sources for the de Sitter gravity dual theory?

- Giddings Big-Bang picture revisited
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