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Typical actions
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Lovelock brane gravity

Lovelock brane theory

It is possible to extend the original Lovelock theory to the case of branes
(R Reilly (1973), C de Rham, Tolley, Deffayet, M Trodden, and many others)
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Lovelock brane gravity

Lovelock brane theory

It is possible to extend the original Lovelock theory to the case of branes
(R Reilly (1973), C de Rham, Tolley, Deffayet, M Trodden, and many others)

t
S[X] = / dp+1X \/ng Oénl-n(gaby Kab)
m n=0
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Gauss-Bonnet
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Lovelock brane theory

Second-order EOM in X

JPKap=Lni1 =0

° Joab _ gab

° Jlab _ gabK _ Kab _ gabLl _ Kab

° J;b _ Gab _ Rab _ %gabR

0 P =gls —3RK™® + 6KKK? — 6K K yK®

@ Cosmology in extra dimensions

@ Galileons

@ Standard GR. Well defined variational principles
@ Extensible models for the electron (Dirac)

o

Lipid membranes. Corrections to the Helfrich's energy




DBI-Lovelock

Born-Infeld type model for surfaces

Born-Infeld-Lovelock action for branes
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X7 = 2aK% + ?K* Ky

M. Cruz & E. Rojas, CQG, 2013



DBI-Lovelock

Born-Infeld type model for surfaces

Born-Infeld-Lovelock action for branes

SIX] = A [ d°"'x\/—det(g.p + Xap)

X% = 20K+ a?K* Ky

M. Cruz & E. Rojas, CQG, 2013
Geometrically, it describes to parallel surfaces, X" = X* + o n*.

S[X] A/md"“x\/Tgi (%) Ln(gab, Kab)

2
- /\/ d”“f«/—g{l—}-aK—i—%R

w

+ % (K3 — 3KK?,K", + 2KabecKca)
Oé4 2 ab abcd 5
+ 57 (R = 4RuR™ + Rupcd R ) + O(K)




DBI-Lovelock

Born-Infeld type model for branes

Some comments

@ Cosmology in extra dimensions
Charged membrane models. Extensible models for the electron
Equivalent actions with Weyl invariance

Different point of view to study scalar field theories, Galileons

Inclusion of matter

This effective theory is another geometrical alternative to understand the
mechanical content of the branes



Modified RT

Modified Regge-Teitelboim model

S[X] = / d*xv/—g ('R + BK — A) + Smase

R Cordero, M Cruz, A Molgado, & E Rojas, CQG (2012)

@ Second-order EOM T°K., =0

@ T =0aG?®+ 85"+ /\gab + T2, stress tensor

@ Gopp=TRa — %R &b Einstein tensor on m

@ S.p = Kap — K gab conserved tensor

@ This brane-like universe shows a self-(non-self-) acceleration behaviour



Modified RT

Modified Regge-Teitelboim model. FRW cosmology

Within a FRW scenario, a 3-brane in a fixed Minkowski bulk, then
ds; = N°dr? + a°dQ5 , (with N> = #* — 4%, and p = po/a’).

Friedmann type equation

E_(@E+RVIE+K) 7. - 38" + k)
_= — (A A S
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Classical analysis

&+ U(a,E)=0



Modified RT

Modified Regge-Teitelboim model. FRW cosmology

Within a FRW scenario, a 3-brane in a fixed Minkowski bulk, then

ds; = N°dr? + a°dQ5 , (with N> = #* — 4%, and p = po/a’).
Friedmann type equation

E -2+k1/2 2+k _ ~ _-2+k

_gz(" a) {(332 )—(/\—i—p)}+3ﬂ(3372)

Classical analysis
&+ U(a,E)=0

The potential

U(a, E)

Qm.O
H? 3

a

"

2

>
= —Quo — % {2 {Q;Zta.o +3 (QA,O +

Qpm, r
1, [ 50 [Q%,o + 3 <Q/\‘o + agoﬂ — T

BT s (s )"

—Qs.0

where F(x) = cosh x, cos x Energy density parameters,  Qi, Qn, Qm, Q5, Qar
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o 1 2

Open Closed

. k=0

Classical potential, (3 > 0, 8 < 0) Types of expansion

@ 5 <0 BigChill
@ 5>0 BigBounce

In terms of the Hubble parameter H = 4/a

H2 Qk /2 H2 Qk Qm H2 Qk er
=k 2k _Ym_ g Qs = — 25 ) =
(H@ ) (Hs 2 3 “)+ 5(/4@ ) 2




Galileon

Flat spacetime Galileons

Unitary gauge y' =X (x) = ( ¢E<Xa) )
Bulk spacetime  dsz = () qapdx’dx” 4+ d¢® yields
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Galileon

Flat spacetime Galileons

Unitary gauge y' =X (x) = ( QSE(XQ) )

Bulk spacetime  dsz = () qapdx’dx” 4+ d¢® yields

8ab — f2(¢) Qab aF Va¢vb¢

Koo = 7 (fvavm £ 2V + ff’qab)

where v = 1/4/1+ f2V2¢V,¢

Born-Infeld-Lovelock action in terms of ¢

S[¢]

X%

N[ d =g [-det(g’s + X75)

f2qab + va¢Vb¢+ Oé")’f_2 (—VaVb¢+’y2f_2Va¢VC¢Vch¢
+ f_lf/’}/2va(f)v1)¢ + f-f-/qab)

¢ brane bending mode. Invariance under ¢ — ¢ + b.x* + ¢



Galileon

Flat spacetime Galileons

with M, :=V,Vpp and [r"]:=Ve -N"2. Vo

p+1

sl = A [ dev=E > (57) L)
Li=V—g = =gy b
=—gK = —qf"! {—[l‘l]+%§[7r3]+ff'(p+2—’yz)}
Lr=vmgrR = v=gr o {IF - 1)+ 2 (-l + )
+26" [~(p+ DI + L (PN + p+ D))

+7f 2p(p+3 - 29°) |

@ f=1, Gab=1ab DBI Galileons
@ f=6¢, qa= q:z(p”) type Il dS DBI Galileons



Conclusions

Conclusions

@ Born-Infeld-Lovelock brane model is under current
investigation.

@ This effective theory is another geometrical alternative to
understand the mechanical content of the branes

@ Main applications in cosmology in extra dimensions
@ Galileons. Scalar fields 4+ cosmology

@ Equivalent Weyl invariant actions
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