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OUTLINE

Born-Infeld & Born-Infeld inspired gravity. ’

Generalised Born-Infeld inspired gravity. Minimal ~
extension.

Pertfect 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: For large electromagnetic fields

it differs so that it regularizes
the self-energy of point-like
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BORN-INFELD
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Electric-magnetic self-duality:.
For a general non-linear

Causal propagation. Absence of shock 1 electrodynamics,we
G : have the equations:
waves and birefringence. Exceptional. |

VxE=-22 . V.B=0
Existence of exact finite energy soliton S )
< VxH=+—, VD=0
solutions (Blons). ot
s : ) o
Natural low energy limit in string H=--F ad D=+-%

theory and D-branes.

M. Born and L. Infeld.
Proc.Roy.Soc.Lond.
Al44 .(1934)

self-duality invariance
D+iB — €“(D +iB)
E +iH — e (E +iH)
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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

D. N. Vollick, PRD

Sgip = 24 / d%x [\/— det (gw e A—ZRW(F)) 2z \/_ det(gyv)] 69 (2004) 064030.

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

Existence of bouncing solutions...
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M. Banados, P. G.

Ferreira, PRL 105,
011101 (R010)

C. Escamilla-

Rivera,M. Banados,
P. G. Ferreira,

PRDS85 (2012)

...however tensor instabilities at the bounce.
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BORN-INFELD INSPIRED GRAVITY

Much more information

on Born-Infeld!
arXiv:1704.03351

Born-Infeld inspired modifications of gravity

Jome Belirdn Jimdaes
CFT, A M arwedle Unmerend
UMRE "IN 1000 Mewdh P
[avinia Hawnberg
Sucmnie for Thasrenncal Svwdes KTH Lwwh
Clewmeruse {* W00 Juvh Sewcviend
Consalo J. Ol
Dt de Flonwm Todown and ITIC Comton M aste Usannrondad do Vidowsa CRIC
Burpasns {6100 Vdowna Spam
Diogs Rubiers. Carcia®

[wmtuto de Amrofons ¢ Crncss do . Urenerydage de [ wdoe
Facsidade de Ovencss. Campe Cramde, FTINS 016 Labos, Portupal

Abstract

Ceneral Relativity has shown an cutstanding olwervational succom in the scale where
it bas been Srectly tested.  Howewer, modifications have been imensively explond
the regimes where CH scems either incomplete or sgnals s own Bt of waiddity. I
particuler, the existence of specetime singularities and the breskdown of wmitarny «
oscngion noar the Planck scale srongly saggest that OR sowds to bo modified ot high
cscegum o when the imvelved curvatures are high  Florn. Infeld mapiced grawity theon
bave shows o axtraordiney wbility to regelarioe the gravitutions] dysamio, louding
to sonsnguler commologies and regular black doke s Umes & & very robust manser
and without resorung %0 quasium gravity effects. This has boosted the interest m these
thecrion in appliestions to compact chjerts, gravitatiosal collagee, mflationary soonarion,
carly and late time commologacal snpalarices, black hole wnd hale phywes, e
othern. We review Lhe motivatoen, varioe k latsons, asd mean s acdseved withs
this type of extensions beyond Flastein's gravity, including their observiionsd viabiby,
and provide aa overview of currest open problems aad future ressarch opportenitias,
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EXTENDED BORN-INFELD GRAVITY

Our proposal to extend it is...

S =A% [ dtxy/— det (g + A 2Rw) = A* [ dtxy/=gdet /oty + A 2gh Ry,

= e Yol
2 /d xﬁdet\/g—q Qavzgocv+)\_2RﬂéV(r)

This reminds of the massive gravity potential:

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

4
ey B =
SMG 20 /d LSV 2) n!(4 o, 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.dJ. Olmo

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

£ P

4
3 4 4 1 s
S—) /d X/ 8 Y Buen M| :

k =0 | M= /14226 1R(T)
80(]\7[) = 1,
el (M) = [M], with matter minimally coupled.

= T £

M) = o (M- (M),
es(¥) = (1M —3[¥1)[¥P7) + 2(8rY),
(M) = (M — 6{NIP[N2) + 8N (NP + (NP2 — 6[N1)).

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

Accidental projective symmetry

Cosmological constant Newton’s constant F‘;‘W — F‘;‘W <E 53‘@#
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MINITMAL BORN-INFELD €XTENSION

(4 G B
2 7 n2 4 / SO

\. & B

JBdJ, L. Heisenberg and G.dJ. Olmo % 5
JCAP 11 (2014) 004 M = \/]1 + A=2¢—1R(T)

Metric field equations
= A 1
(M 1)“(;1Rv)oc = H)Azgiﬂf s WTP‘V

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 a 525
7\ L A e R B
. B i
JBdJ, L. Heisenberg and G.dJ. Olmo A S
JCAP 11 (2014) 004 M = \/]1 + A=2¢—1R(T)

Connection field equations

Va (V=sWF) = 85V, (/=gWP) +2,/=g (TRWP' — 5 TAWH + T3, WA =0

W = Wi
We will consider solutions without torsion 7 uy = 0

[ =T(3) §" = Vdet Mg (M ™)',

Va (H“’W%) b~
N (\/ngp[vwﬁ]p) — 0 P

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

0 Mlz.3
ML +3M; = 4+ Metric
: - field
My +2M; + Vi el 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.
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PEREECE ELULD SOLUTEIONS

e =
i ( 0 P]13><3>
My
M, =
v ( 0 M1]13><3>
ML+3M1 — 445 Metric
i field
s e e 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.

20, A e 0 0o e e s i
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1 s ]
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singularity?
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PEREECE ELULD SOLUTEIONS

0  Milsyxs
ML SN [V]etric
i field
Lee e 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.
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COSMOLOGICAL SOLUTIONS

ds* = —N(t)*dt* + a(t)?5;;dx'dx/

N2() = 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
6(8) = k@)~ 5 4T(§ R = A% | (W2~ 1) - JWrTe (- 1)

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

!

] L, o=-3H(p+p)

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

. 6Wo [1 —3(0+p) (ap In A+ c29,In A) } * | Friedmann

N e

\ ) equation
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COSMOLOGICAL SOLUTIONS

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

dss = = INC(NaNE S eedis &
e

5i]-dxidxj

(& 3M 2)
s i NIE S
o 2
61— 3(p + p)3p In[(MoM1)~1/4]
. J

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

-
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DUST INFLATION

1020
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10722 &

10~36 |

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. 22 5
01+ 3Hp; = —T1p; e e

P2 +3Hpy =1101 — 1202 1053 Ii~1 |

Or + 4HPr = rnpn 1029 -

10~15 )

10730 - 5
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DUST INFLATION

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

= 3 - ) 00 inflation
01 (Ui a1 O]

o = eda iy = B =) 1055

super-inflation Cl == <0 ,.* Is?%)ggtrum
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DUST INFLATION

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

“ > o Inflation
) — 10
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o
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|
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=\
-
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Or + 4H,0r = rnPn 1029

Duration of inflation

Om ini 1 Om ini
— || : ]| :
= (H?M%> S (AZM?)

‘ 24

(W O There is an upper bound for the duration of inflation Pmax =~ VAT X
" NN 1ln \/5_ -+ i, In [ = ] 5 11n =1l
Pr. = (I—‘! HZI> 01 = (_H[> 01 f 2l 1(1211—~i 6 (n_1)2 ] [( )]
=
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DUST INFLATION

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

JCAP 1511 (2015) 046

= e r 2 o0 Inflation Reheating
pl p]- e o 1p1 SRR $U90900 . usmaaaaas
= el — Al o) T Yy
Oy + 4HPr 5= ann 1029 -
\& | BERE Tt i W e e Sl ST R, g St
1052 -
10_50 = -
10—85 = 4
O O O e e 60'1\','8'0' 00 120 140
R ———— —————————SST

Duration of reheating

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

miércoles, 22 de marzo de 17



DUST INFLATION

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

(4 <\
e gl =k O e
oy el =1y =100y -
Oy + 4Hpr..:. rnpn 0
C y i
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®© 000 < 20 fxcluded
I = - by BBN
—30L
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O ® O — : :
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: inflation stability ]
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TENSOR PERTURBATIONS

S,
oQ
S
S
1
S TR P
@GN
QI\J
= Ol

el 0 All matrices commute at first order in
Ol il ;
ij Lt

tensor perturbations.

Metric field equations

Auxiliary metric

O S B S N Pl SO e, 5Mi]- vanishes and both metric
1 il 1 1 ;1 perturbations coincide in the

v = v/det Mg (K1), Bt i = 1 — =
8 Gl e g e T

] § 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 5 R S 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.

N 71 =1
% e
hjj = 0 H] <5 q
5 hjj = ahi]
The tensor perturbations see the auxiliary metric. In the quasi de Sitter regime, we have
2= L~ Lugndg) = DHzn(y) [P 7\ -6— [ vetr =1
16 16 16 V20— 14\/2))\2]\/1;29 ini No generation

of tensor

e 3 2 gt
= (i> iz o \/ ey 14\@))‘2]\4129 G \/ (2-v2)p perturbations!
e o 7 A2 M2
i [4 a D

ini n2
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BOUNCING SOLUTIONS
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Tensor instabilities could be avoided in the B3 case.

r

1.0 1 T T ‘ T T T T T GR “‘J T T
CBOUREIMo . Lo e s i ]
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G G s e e e Bs Minkowski S | PN i
. P \ 8; 1 ]
L% % 1
. l ] 4
L |I IR N
6- 1\
N \
e
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45\
r \
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B 5
'0.. 2? \\\\ A
AR e e e R e L O;n " ~‘~\-‘_ ----------- '1'"\-!-——.\.—\ i
s B 55| 0 1 2 3 4
ol 1 .O | | | 1 | | 1 | | 2 | ..é' | 4 p/(A'Q’MPlz)
) .
P / ( Pl) Tensor instabilities observed in

the original Born-Infeld gravity

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

.

i’.li]' s 3I:I(t) —

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

. 52)
iy - lEr )
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PROSPECTS

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

L : : \
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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