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OUTLINE

Born-Infeld & Born-Infeld inspired gravity.

- /‘N

Generalised Born-Infeld inspired gravity. Minimal
extension.

Perfect fluid and cosmological solutions.
Dust inflation.

Bouncing solutions
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BORN-INFELD
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For small electromagnetic fields

it recovers Maxwell’s theory:
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For large electromagnetic fields

it differs so that it regularizes
the self-energy of point-like
charged particles.
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M. Born and L. Infeld.
Proc.Roy.Soc.Lond.
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BORN-INFELD
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M. Born and L. Infeld.

Proc.Roy.Soc.Lond.

Electric-magnetic self-duality. Al44 .(1934)

For a general non-linear
Causal propagation. Absence of shock eleCtTOdY“ami@WG self-duality invariance
L=y . have the equations:
waves and birefringence. Exceptional. |

VxE=-22, v.B=0
Existence of exact finite energy soliton T )
: VxH=+—_, V-D=0
solutions (Blons). ot
e : o oL
Natural low energy limit in string fisag ad D=ty

theory and D-branes.
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BORN-INFELD INSPIRED GRAVITY

S. Deser and G. Gibbons,

Sp = [ d*xy/— det (agu + bRy +cXy) 0

|

Higher order curvature terms to be tuned to avoid ghosts

There is a large freedom in the choice of X, and no clear immediate criterion.
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BORN-INFELD INSPIRED GRAVITY

were considered by Eddington (1924)
as a purely affine theory:.

4 4 Determinantal actions for gravity
Sel — / d x\/det R(yv) (T)

Couplings to matter. The metric enters as an
auxiliary field that can then be integrated out.

M. Ferraris and J. Kijowski,
Letters in Mathemastical
Physics, 5 127-135, (1981)

Levi-Civita connection

For Einstein-Hilbert  metric €™ ™. Palatini

(Ot (b4 (b4 X
Fyv = /)’yv _l_ Lyv(Q) 1 K;uv(T)
In general there are two independent
traces of the Riemann tensor:

S o o
Vigup = Quap  Tiv = Tl Riapv Ry

Non-metricity Torsion also independent from & BT aBv
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BORN-INFELD INSPIRED GRAVITY

D. N. Vollick, PRD

Sgip = 24 / d%x [\/— det (gw e A—ZRW(F)) i \/_ det(gyv)] 69 (2004) 064030.

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

Existence of bouncing solutions...

M. Banados, P. G.

: I I LI | I I LI I I | E FePPeiPa, PRL 105,
4 — ~ 011101 (2010)
2 = k<0 =
a/ay 0 FHHH-H+HHHHHHS
4 = C. Escamilla-
> - _Z Rivera,M. Banados,
— k>0 . P. G. Ferreira,
0 Co o Ly by Ly gy g 1 PRD85 (2012)
0.6 0.7 0.8 0.9 1 : e
t ...however tensor instabilities at the bounce.
S — T
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EXTENDED BORN-INFELD GRAVITY

Our proposal to extend it is...

S = A% [ dbxy/— det (g + A 2Rw) = A* [ dhxy/=gdet/ot, + A 2gh Ry,

e il
s, /d xﬁdet\/g—q Qavzgav+)\_2RﬂéV(r)

This reminds of the massive gravity potential:

C. de Rham, G. Gabadadze,
A.J.Tolley, PRL106 (R011)

4
S b i
SMG = /d SV 2) n!(4 V= n)!en( 4 1f) S.F. Hassan, R.A. Rosen

l JHEP110% (2011)

elementary symmetric polynomials
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EXTENDED BORN-INFELD GRAVITY

JBdJ, L. Heisenberg and G.J. Olmo

...and so, a natural generalization of Bl inspired gravity is JCAP 11 (2014) 004

£ )

4
34 4 \ >
S =" /d Ba/ =8 ) Puenl M| :

g =0 | M= /1+A-2g1R(T)
eo(M) = 1,
er (M) = [M], with matter minimally coupled.

" e e .

(M) = = ([M? - [¥2),
es(W) = o (I¥IP —3[¥1)[¥P?) + 2(RrY ),
(M) = (M — 6{NIP[NI2) + 8N (NVP) + B[N — 6[31)).

Low curvature limit
E e
S~ /d4x\/ —8 1A% (Bo+ 481 + 682 + 483 + Ba) it oy (B1+3B2+3f3 + Ba) g™ Ry (1)

Accidental projective symmetry

Cosmological constant Newton’s constant F‘;‘W — F‘;‘W e 55@
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EXTENDED BORN-INFELD GRAVITY

...and so, a natural generalization of Bl inspired gravity is

JBdJ, L. Heisenberg and G.J. Olmo
JCAP 11 (2014) 004

.

4
Si— A4/d4x\/—g e el
n=0

~\

J

ML= /1 + A28 1R(T)

High curvature limit (where the different terms differ)

)
=

2

[

19
2

N}
2

&S
2

P]/ll/ — g‘u“Rm/(r)

Eddington’s theory

4
SEddmgton e ,54 24 /d \/det Ryv
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EXTENDED BORN-INFELD GRAVITY

JBdJ, L. Heisenberg and G.J. Olmo

...and so, a natural generalization of Bl inspired gravity is JCAP 11 (2014) 004
4 N
4
ST A4/d4x\/—g Z ,Bnen(M) : -
g =0 | M= /1+2-2g1R(T)

Field equations

AN 2
%

(Roc/\w/\ﬁ s R[SAW/\IX) — Lc8up = Tup

Va (V=gWF) = 85, (=gWP?) +2,/=g (TRWPF — 85 TAWP + T3 W) =0

W =AM 1 + 1 + f3M + fuM? j1 = Bitvst bodl o beés = Pacs
fo = —(Breo+ Pser+ Baer)
The equations have the same f3 = Pseo+ paey
structure for all the terms. fa = —PBueg
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MINITMAL BORN-INFELD €XTENSION

" " )
2 A 12 4 / ) B S

. é =)

JBdJ, L. Heisenberg and G.dJ. Olmo A w:
JCAP 11 (2014) 004 M = \/]1 + A=28—1R(T)

Metric field equations
> ~ 1
(M 1)“(va)o¢ = il H)Azgiﬂf s WTPW

This equation allows to express Mg as a function of the matter
content and the metric tensor.
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MINITMAL BORN-INFELD €XTENSION

(4 = 2
B\ o U Biee Goran S
\. A =)
JBdJ, L. Heisenberg and G.dJ. Olmo 2 T i
JCAP 11 (2014) 004 M = \/]1 + A=28—1R(T)

Connection field equations

Va (V=sWF) = 85V, (=gWh) +2,/=g (TRWP' — S TAWH + TR, WA ) =0

W=
We will consider solutions without torsion 7 U 0

[ =T(3) §" = Vdet Mg (M™1)"s

Va (H“’W%) B
Vi (vosstwl) = 0 e

We set torsion to zero a posteriori. This is a
consistency equation for this Ansatz.
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PERFECT FLUID SOLUTIONS

\W%uw\m“}_“ Q{MA‘LW.“W S

e
2 ( 0 P13x3 )

Mo
MFH, =
g ( Yy ]13><3 )
ML L 3M; = 4+ Metric
R field
(R R o uations

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.

Mo Ml
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1
M 2M —
Wiy 1+Ml

PERFECT FLUID SOLUTIONS

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.

2
O=—"—u|
\\_’// 3=
P Ul A g
i
" Balck hole
singularity?

—
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PERFECT FLUID SOLUTIONS

0 M;ilsxs
ML SRR [V etric
s field
L cquations

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.

p [(myMp)?

—-10

=1

w=—1
pPSAM, |
w=0 | \
\
- w=1/3
(QUIRNE
=
[\
R S
i
A2 Physical region
=
S

p/(m\Mp)?
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COSMOLOGICAL SOLUTIONS

d52 = —N(t)zdtz - El(t)25i]'dxidxj

N2(t) = N2(t)y/ MoM % @(t) =
ds* = —N*(t)dt* + a*(t)6;dx'dx/

M = \/]1 + A~2¢-1R(T)

|

2(3) = R(3) — - 8Te(8-11 e e S =22
6(8) = R(@) — 54 T(§ R = A% | (W2~ 1) - J¥rTe (- )|

2 2 A 2
N T a 5 .A Sy 5 ) 2
Goo(g)—3<5> —3(H+Z> = 3H2[1-3(p+ p) (9 In A+ 29, In A) |

!

| L 0o=-3H(p+p)

~ ' )
R (M3 —1)W — 3(M? — 1), Modified

2 6Wo [1 —3(0+p) (a,, In A+ c20,In A) } * | Friedmann

NE

\. ) equation
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COSMOLOGICAL SOLUTIONS

d82 = —N(t)zdtz - El(t)25i]‘dxidxj
a(t)?

ds® = —N? (MM )24 +
P

5i]-dxidxj

£ 3M 2)
e 1 — Mg +3MoM; —
> 2
61— 3(p + p)3p In[(MoM1)~1/4]
. J

JBJ, L. Heisenberg and G.d. Olmo JCAP 11 (2014) 004

l

-
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pl ‘|—3Hp1 — —F1p1

~

02 +3Hpy =TI'1p1 — 102

0r +4Hp, = I'non

DUST INFLATION

1020

100

1078 &

10722 &

10~30 |

10—50

JBdJ, L. Heisenberg , G.J. Olmo & C. Ringeval
JCAP 1511 (2015) 046
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DUST INFLATION

JBdJ, L. Heisenberg , G.J. Olmo & C. Ringeval
JCAP 1511 (2015) 046

f. ' ) %
01+ 3Hp; = —T1p; e e e

: [ ~T
p2 +3Hpy =1'1p1 — 200 1055 l |

Or + 4HPr = rnPn 1029 -

10~15 =

10730 - s

10— 1 20 | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 20 40 60 80 100 120 140

miércoles, 22 de marzo de 17



DUST INFLATION

JBdJ, L. Heisenberg , G.J. Olmo & C. Ringeval
JCAP 1511 (R013) 046

€ 2 o Inflation
: iE 10

quasi de Sitter phase H2 G e

super-inflation €l
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DUST INFLATION

JBdJ, L. Heisenberg , G.J. Olmo & C. Ringeval
JCAP 1311 (R015) 046

« R o Inflation
- — 10

-
[
_I_
68
G
-
—
|
|
v
=\
-
[

Or + 4H,0r = rnPn 1029

Duration of inflation

Om ini 1 Om ini
— || ’ | :
] (H?M%> Ble (AZM?)

‘ 24

‘ ‘ There is an upper bound for the duration of inflation Pmax = /3T X
Sy JI’ # AN ~ lln \/5_ - it In [ e ] T 111r1 n—1)!
o= (115 ) = (57) o o e R
=
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DUST INFLATION

JBdJ, L. Heisenberg , G.dJ. Olmo & C. Ringeval

JCAP 1511 (2015) 046

= L+ 3H r 2 o0 Inflation Reheating
pl p]- e Ty 1p1 T T T T T T T T T T e T ]
Vo= oibloy =Sk oTe==ilEoi0) Foas: e 58
Oy + 4HPr aE ann 1029 -
\& B hea el B e e Lt N S NS S T N
HOER -
10_50 — ¥
10—85 S |
O ) W R 6OIZ\I’I8|OI 100 120 140
0 — e —— .

Duration of reheating

The end of reheating is set by the smallest decay rate: min(I;) ~ 3H
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DUST INFLATION

JBdJ, L. Heisenberg , G.dJ. Olmo & C. Ringeval
JCAP 1511 (2015) 046

(4 )
01 +3Hp1 = —I'10¢1 oty e
oo oo =R o =505 ;
Oy + 4Hpr..:. rnpn 0
C 2 i
—10+
‘Q‘ C‘Q‘ ga |
P1 = Pm -
®© 000 < 20 Fxcluded
£ - by BBN
~30!
o o B
— - ]
- g —40 - / Excluded from :
: inflation stability *
~50" ]
‘ _60:71HmHHmHxlwwlwwtwwHHF:
60 —50 —40 —30 —-20 —10 0O 10

Log (I';/Mpy)
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TENSOR PERTURBATIONS

S,
oQ
=
S
1
YRR
(@i, (=
QI\J
- Ol

T, 0 All matrices commute at first order in
Ol y—"|5 ;
ij L2t

tensor perturbations.

Metric field equations

Auxiliary metric

Ot B S N Pl SO e, 5Mi]- vanishes and both metric
1 7 iyoas i 1 I ;1 perturbations coincide in the

Y = V/det Mg (K1), Tl =1 — =i
8 ey Ll e

] § absence of anisotropic stresses.

An analogous result was found for the original Born-Infeld gravity theory in C. Escamilla-Rivera,M. Banados, P.
G. Ferreira, PRD85 (2012).

It is actually true for any theory of the form

4 = A—1 H JBdJ, L. Heisenberg and G.dJ. Olmo
S / d*x\/—gF(&™ " R) jcaPp 1508 (2015).
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TENSOR PERTURBATIONS

All matrices commute at first order in
tensor perturbations.

Same equation as in
GR with a modified
Newton’s constant.

=1
% s
hjj = 0 H] £ q
2 hj; = ahi]
The tensor perturbations see the auxiliary metric. In the quasi de Sitter regime, we have
A% = H? ~ — H2n?(t) = — (1) Pt L s
16 16 16 20— 14\/2))\2]\/1;29 ini No generation
4 2 of tensor
~ e = 2 A 2 a £ :
f= i (ﬂ) a2 (20 14v2)A2M3 e (2-V2)p perturbations!
ini nz 0 a? /\2M;29

miércoles, 22 de marzo de 17



BOUNCING SOLUTIONS

| 5 0 e e st S . =5
o . CRE T ]
.Bouncmg ''''''' Asymptotically - '
"""""""""" Minkowski |
O e e L S P & =
B0 ISEESE R PR TR i 53
-1 1 2 3 4
2A42
p/(A"Mp)

Tensor instabilities could be avoided in the B3 case.

r

p/A* M)

10 ‘=‘ e

f 2

Earal
8k 4

[ |

. |

. |
6F |

r \

L \

L \
4+ ‘\

S Y

L \

FEER: )
A e e A
O;‘. ~~~~~~ ‘- ------------ "FH-F—-.‘.-‘ L

i 0 1 2 3 g

Tensor instabilities observed in
the original Born-Infeld gravity

¥ __ C.Escamilla-Rivera,M. Bafiados,
P. G. Ferreira, PRD85 (201R2)

i’.li]' A 3I:I(t) —

\.

work in progress with L. Heisenberg, Diego Rubiera and G.dJ. 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.

R —
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COSMOLOGICAL SOLUTIONS

ds* = —N(t)*dt* + a(t)?5;;dx'dx/

ds* = —N*(t)dt* + a*(t)6;dx'dx/

M = /det Mg™ (KI~1)Y,

a*(t)

5
Fyrel
a=(t) I

R2(t) = N2(£)/ MoM; 3

The signature
is preserved

—
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