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Motivation

Geometric deduction of EM coupling with gravity
e Non-minimally coupled actions in higher derivative theories.

e EiBI: Metric-affine theory; Determinantal action

Infinite number of higher derivative terms.

Smooths out singularities
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The Eddington inspired Born-Infeld action

The Eddington inspired Born-Infeld action

1
Sripr = Fy— / d*z l\/|g + xkR(I")| — A\/E} + Su

o Einstein-Hilbert action with c.c. and matter when

i) kR << g , 1) A=rA+1

° auu = Juw + 5R<F)uu

\/7(1”1/ I'iA +1 \/>g/‘” = —SW/{\/ET’W (metric),

Va(y/17]8") =0 (connection) .
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The Eddington inspired Born-Infeld action

The Eddington inspired Born-Infeld action

1
Seipr = % / dtx l\/|g+ %R(F)| — )\,/’g@ + Sy
° R(D)uy = Ty + 647K [Sy — 1Sgu ] + O(k%)
where S;u/ = Tua Ta,, - %TTMV7 Ty = Ag,w + 87 [TMV — %Tgﬂy} .

1

° I, = {ﬁcfy} + §an6 (R(D)spy + B(D)rsi8 — B(I)gy0)

= R(9)w = Ty + 6472k [Sm, — ngw}
+35 [VuVor = 2VOV (T + Or | + O(6);
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The Eddington inspired Born-Infeld action

The Eddington inspired Born-Infeld action : Metric

1 4
Spipr = &T—R/d T [\/|g+/fR(9)\ —A\/E} + Su

o R, = T + 647%K (SW — ngW>
+36 [2Rapsy R — 2R, RE + OR,,| + O(k2).

o R(I'),w = R(g),u (to lowest order)
The metric-affine theory and the metric theory agree to O(k).

@ Involves third order derivatives of matter fields (and above)

= Surface singularities [Pani,Sotiriou (2012)]
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The Kaluza Ansatz in EBI gravity

The Kaluza Ansatz

Geometrically determines the coupling to gravity

N y+?AA, A e
° gAB:<g‘u OéA . 1'u>a AaBa:07174a |g|: |g|

e Quantities independent of the 5 dimension.
o Need Gap = Gap + kRas. (F? = F,, Fm)
Qo = G + 44, A, (14 KF?) + 5 [ Ry — 440V 3 P, — 2F5, F", |
G =24, (14 KF?) = kV3F’, |

a55:1+I€F2.
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The Kaluza Ansatz in EBI gravity

The Kaluza Ansatz : EiBI action

det (A B) _ det(D) det(A — BD-1C)

° ¢ D
° 14 = gs5[quv — qus(a55) " 5]

= [ +5F?) (gW + 5 (R + 2F,5F°)) ) = K2V F° V3 F°,|
° Spipr = [ (kA +1) |g|]

° SEiBI+EM =

8;{ /d4x M(l + 5F2) (g + 5 (R + 2F,5F°,) ) = 2V5F°,V 5

—(kA+1)y/lg]] -
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Equations of motion

Equations of motion
o O(K") : Gy =—Agu +81T,, , Vo F* =0.
o O(k): Gu=—-Agu+81T, + kP, + K@, , where

Pu =R,oRS — iRR,, — 1R.3R*g,, + 1R%g,, + 1V, V,R
— 39w OR — Vo V(. R + 30Ru + 50 Va VR,
Qu =RF,oF,* + VoF*NsF® + AR 0 F** Fig) + 2F, R Fp,
+ 8F 0 F* Fgo F, — 2V (,(F, 5V o F*°) — LF'g,, — g, RF*
— 2V (F N3 F7,) + F2FusF," + 2 (V. F)5) VoI’
— 2V V(o (FoysF™) + O (FusF’,) + 9uVaVs (FF,7)
— V.V, F?+1g,0F + 1F?R,, — F.gF/F sF*g,,
— Fag P B gy + Va(Fo V) g, — 3 (VaF%) Vo F g,
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Equations of motion

Ricci scalar and Electromagnetic EOM

R=4\— k[§F' + 1RF? + 2R Fy ", + 4F° Fy I Fy,
+ VaVs (R + 2P %) — O (R = 1F?) + VPOV F,)

1 1 1
Vol = i [V (B (R4 B ) = AV (F 0 ) = 0 (V™)

Vi (ROF, ~ RYE,) + VY (VsF™)]

o Regardless of appearances, the solutions are rather simple.
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Solutions : Iterative procedure

Solutions : Iterative procedure

Ag = =G + 87T, — kCyy
V" = —kD".

e Solve via g, = g5, + g, and A, = A) + A,

° g,?w = (f(r),f(r)_l, 2, r2sinf?); fry=1-"4=—-"1—14

o (4
Au = (r,0,0,0>
o Next order can now be solved :

Ag}w + GFIW — 87 Tﬁy =—rkCy,
VO P 4V F = kDY,
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Solutions : Iterative procedure

Solutions : Iterative procedure

—f(r)a(r) 0 0 0
o T e 0 o
w 0 0 r2B(r) 0 ’
0 0 0  r%sin?0B(r)

12k ¢*
kDY = < iq ,0,0,0) ;
r

95 ¢t kA

3qt K¢
sy o, and 5(r) =

2A 8 r4

where a(r) =

e General solution for g, and 4,

guw = (—(f(r) + £G(r)), (f(r) + £G(r))1,0,0)
Ay = (24 KB(r),0,0,0)

The Kaluza Ansatz in EiBI
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Solutions : Iterative procedure

Solutions : Iterative procedure

e RNdS correction:

3¢ A¢? 3¢
CN=fmm - B=5s
6rq*

o Trace: R=4A+ ; finite for all finite r.

r8

e No surface singularities present in the derived solution.

@ Procedure can be repeated for higher order solutions.
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Conclusion

Conclusions

@ Derived a 4-d action of EM coupled to EiBI.

e [terative procedure for solutions about a fixed background

— O (k) correction of Reissner-Nordstrom de Sitter.

@ Questions remain : Stability of solutions
EM wave propagation

Behaviour of geodesics.
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