


outline

Born-Infeld & Born-Infeld inspired gravity.

Generalised Born-Infeld inspired gravity. Minimal 
extension.

Perfect fluid and cosmological solutions.

Dust inflation.

Bouncing solutions

miércoles, 22 de marzo de 17



Born-infeld
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Born-infeld
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For small electromagnetic fields 
it recovers Maxwell’s theory: For large electromagnetic fields 

it differs so that it regularizes 
the self-energy of point-like 
charged particles.
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Born-infeld
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Electric-magnetic self-duality.

Causal propagation. Absence of shock 
waves and birefringence. Exceptional.

Existence of exact finite energy soliton 
solutions (BIons).

Natural low energy limit in string 
theory and D-branes.

...

M. Born and L. Infeld. 
Proc.Roy.Soc.Lond. 
A144 .(1934)

For a general non-linear 
electrodynamics,we 
have the equations: self-duality invariance
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Born-infeld inspired gravity

S. Deser and G. Gibbons, 
CQG15 (1998)

Higher order curvature terms to be tuned to avoid ghosts

SDG =
Z

d4
x

q
�det (agµn + bRµn + cXµn)

There is a large freedom in the choice of          and no clear immediate criterion.Xµn
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Born-infeld inspired gravity

In the Palatini formulation the ghost can be avoided without further corrections

D. N. Vollick, PRD 
69 (2004) 064030.SBIP = l4
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Existence of bouncing solutions...
M. Bañados, P. G. 
Ferreira, PRL 105, 
011101 (2010)

...however tensor instabilities at the bounce.

C. Escamilla-
Rivera,M. Bañados, 
P. G. Ferreira, 
PRD85 (2012)
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Much more information
on Born-Infeld!
arXiv:1704.03351



extended born-infeld gravity

Our proposal to extend it is...
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elementary symmetric polynomials

C. de Rham, G. Gabadadze, 
A.J.Tolley, PRL106 (2011)

S.F. Hassan, R.A. Rosen
JHEP1107 (2011)
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extended born-infeld gravity
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with matter minimally coupled.
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minimal born-infeld extension
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Metric field equations

R̂ = l2 ĝ(M̂2 � )

This equation allows to express           as a function of the matter 
content and the metric tensor.
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minimal born-infeld extension
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Connection field equations

We set torsion to zero a posteriori. This is a 
consistency equation for this Ansatz.
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perfect fluid solutions
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In general we find 3 branches of 
solutions, but only two of them 
are physical. Out of those two, 
only one is continuously 
connected with GR.
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perfect fluid solutions
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only one is continuously 
connected with GR.
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perfect fluid solutions

Tµ
n =

✓
�r 0
0 p 3⇥3

◆

Mµ
n =

✓
M0 0
0 M1 3⇥3

◆

1
M0

+ 3M1 = 4 + r̃

M0 + 2M1 +
1

M1
= 4 � p̃

p <⇠ l2M2
p

r
> ⇠

�
4l

2 M
2 p

Metric 
field 
equations

In general we find 3 branches of 
solutions, but only two of them 
are physical. Out of those two, 
only one is continuously 
connected with GR.

-5 0 5 10 15
-15

-10

-5

0

5

rêHmlMP L2

p
êHm l

M
P
L2 w=1ê3

w=0

w=-1

Physical region

miércoles, 22 de marzo de 17



cosmological solutions
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1 ã2(t) =

a2(t)p
M0M1
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cosmological solutions
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dust inflation

ṙ1 + 3Hr1 = �G1r1

ṙ2 + 3Hr2 = G1r1 � G2r2
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JBJ, L. Heisenberg , G.J. Olmo & C. Ringeval
                                         JCAP 1511 (2015) 046
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dust inflation

ṙ1 + 3Hr1 = �G1r1
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dust inflation
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                                         JCAP 1511 (2015) 046
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dust inflation

ṙ1 + 3Hr1 = �G1r1
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dust inflation

ṙ1 + 3Hr1 = �G1r1

ṙ2 + 3Hr2 = G1r1 � G2r2

ṙr + 4Hrr = Gnrn
· · ·
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dust inflation
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tensor perturbations
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An analogous result was found for the original Born-Infeld gravity theory in 
 
It is actually true for any theory of the form

S ⇠
Z

d4
x

p
�gF(ĝ
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JCAP 1506 (2015).
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The tensor perturbations see the auxiliary metric. In the quasi de Sitter regime, we have
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Pi
j = 0

weff = 1

No generation 
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perturbations!
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bouncing solutions
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Tensor instabilities observed in 
the original Born-Infeld gravity 
C. Escamilla-Rivera,M. Bañados, 
P. G. Ferreira, PRD85 (2012)

Tensor instabilities could be avoided in the         case.b3

work in progress with L. Heisenberg, Diego Rubiera and G.J. Olmo
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prospects

Possibility of stabilizing bouncing solutions with non-
trivial sound speeds.

Gravitational collapse. Singularity free black hole 
solutions.

Scalar perturbations in dust inflation. Presence of 
instabilities.

Role of torsion. Further explore the general action and 
possible extensions.

...
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