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The aim of this work is to present a possible way to estimate observational electromagnetical clues in the
spectrum of quasars and microquasars due to the presence of extra dimensions. Here we analyze two possible
ways to detect these electromagnetic signals: by the brane corrected accretion mechanism and by production of
electromagnetic KK modes. We show that for the static black hole accretion case, the brane corrections cause a
extremelly small variation in the luminosity of the quasar. For the electromagnetic KK modes case, apparently
the answer for the biggest quasars is positive and on the other hand, the possibility that microquasars can present
constraints on extra-dimensional gravity in their spectra is less probable.

I. INTRODUCTION: BLACK HOLES ON THE BRANE II. ACCRETION EFFICIENCE IN SCHWARZSCHILD
QUASARS WITH CORRECTIONS

For many reasons, brane-world models present a rich way

to explain our universe [1]. The Einstein equations in the Definingy(r) as the deviation from a Schwarzschild form

brane can be written as the projection of Einstein equatiofor H(r) [1, 3]

in the high-dimensional bulk. The bulk is an Anti-de Sit-

ter space and has warp properties symbolized by a negative H(r) =1——F—+u(n), )

cosmological constant. Assumir®y symmetry, the Israel- cr

DarmOiS junCtiOI’l COI’]ditiOI’]S, and the BianChi identities, Ein'WhereM is Constant’ and Where’ for a |arge BH with horizor

stein equations are written as scaler > ¢, Y(r) ~ —43‘32%2 [1]. Now we can explore the idea
that, if black holes and specially the supermassive black hol

1 ; .
Gw= —él\g,gW (SMBHSs) present in the nucleus of galaxies and quasars,
1 1 cause deviations from the 4D general relativity, these corre
+1Kg Ty — T Ty + ng(TZ_TaBGB) —Epw, tions should cause a small deviation in all SMBH propertie

[4]. First we need to estimate the corrected Schwarzsch

brane radiufRsprane This is possible doingl = 0:
whereT = T, denotes the trace of the momentum-energy

tensorTyy, As denotes the 5-dimensional cosmological AdS i~ 2GM R2 4AGM/??

bulk constant, andE,, denotes the ‘electric’ components of Sbrane™ — 2 "Sbrane” T 32 T 0. ®)
the Weyl tensor. The constakg = 81Gs, whereGs denotes ) )

the 5-dimensional Newton gravitational constant, that can b&/Sing Cardano’s formulae it follows that

related to the 4-dimensional gravitational constantA vac- 2GM

uum on the brane, whef®, = 0 outside a black hole (for Rsbrane= (a+ VD)2 + (a— vb)/3 + =~ (4)

2 )

a review, see e.g. [3]), implies , by Bianchi identities, that 3c
El'}\’, = 0. A particular manner to express the vacuum fieldwhere
equations in the brane §, = —R,. One can use a Taylor
expansion in order to probe properties of a static black hole on a — Rs 2 Ré (5)
the brane [2]. Thus, for a static spherical metric on the brane 3 9 )’
given by R2/2 2R2

o= 5 (7+5) ©

d 2
gudxdx’ = —F(dt? + - 4 r2dQ?, (1)

H(r) whereRs is the classical Schwarzschild radius. Now, subst
tuting the values o6 andcin the SI, and adopting~ 0.1 mm
wheredQ? denotes the spherical 3-volume element related t@ndM ~ 10°M, (whereM, ~ 2 x 10°3 g) denotes solar mass,
the geometry of the 3-brane. The metric is led to the Schwarzsorresponding to the mass of a SMBH, it follows from eq.(4
schild one, ifF(r) equalsH(r). The exact determination of that the correction in the Schwarzschild radius of a SMBI
these radial functions remains an open problem in BH theorpy brane-world effects is given bfRsprane— Rs ~ 100m

on the brane [1, 3]. and since the Schwarzschild radiBs is defined asSM =
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2.964444x 102m, the relative error concerning the brane-
world corrections_in the Schwarzschild radius of a SMBH Ao 1 2o o« 1 Ao
is given byl — -F5_ ~ 10710, These calculations shows HRAR — ngh PraFp ™ — Z,h“cF'\PF )

Rsb
that there exists araggrrection in the Schwarzschild radius of

a SMBH caused by brane-world effects, although it is negli-

gible. Then, for the static case we must look for another kind Ao 1 Ap a 1 Ao
of observational mechanism. +h P FeaFp — égc\,h PaFe ™ — ZhCVF/\pF ) Toc

1
—(BFCAR " +BRAFc ™ — SgeuBRpF

~TC(8FpFc ™ +8FcrFu — %g@apﬂp
lll. ELECTROMAGNETIC KK MODES? N 1 1
+hMP ) Fep — Egpch)‘meFp o ZhWF)\pF)‘p)
A natural manner to detect extra dimensions is by detec-

1
tion of gravitational waves due to extradimensional or Kaluza- +§huv [(TrT)? — (TrT?)] + g Ta U (MR Fo®
Klein (KK) modes. Here on we will use the method devel- 1 1
oped by [5]. Our assumption is to consider the conversion of fEhF)\pFAp) — ng(éFu)\FB Ay OFp)Fa A
these gravitational KK modes in eletromagnetic radiation. For 1 1
this we will assume a generic black string background with- 7fng6F,\pF)‘P + hApFGAFBp - —gugh"me R
out charge producing a static Reissner-Nofistblack hole 2 1 1 2
on the brane. This background is given by —EhaBF,\pFAp)TuB _ ngTGB(éFG AFP
+3FP \For — %gﬁﬁaapﬂp +hPEe,FR
— e 2/~ _ 2 1 1
ds = e d[ 2(l 2GM/r — f)dt —Eguﬁh)‘pFMFp a_ EhaBFApF)‘p)] — 3, =0,
+ 7%26'\;'/% 20 rd? (1)

whereky, = hy, — 2hgy. Maybe could be possible to find
eletromagnetic clues indicating the ‘smoke-gun’ influence «

) o ) KK modes in the electromagnetical spectra of quasars. Sm
where f is a function independent of the charge. Using thep|ack holes will not produce ‘alongated’ black strings in th

field equations found in eq. (1), itis possible to find the per-gxiradimension, and then will fall in the *forbidden’ region
tubatiye e_quations, assuming that the bulk cosmological conspgwed by [5]. This discard the observational presence
stant is given by\s = —6¢~2 [1]. Here we must also assume electromagnetic KK modes coming from microquasars. Tt
the eletro-vacuum energy-momentum tensor. The perturbeghssibility remains for supermassive black hole/quasar ca
metric isgy = gy + hw. Then we found the follow metric  ajhough Gerlach [6] argues that all eletromagnetic wave
perturbations equations will be transformed in gravitational waves in the Reissnel

Nordstbm background, Sibgatullin [7] and Novikov & Frolov

[8] claim that perturbations in charged black holes can pr

1 6 duce both eletromagnetic and gravitational waves. For exa
K A LA — KA VA — Qngs’\ A— [zhw ple, in these kind of black holes, high frequency eletroma
netic wave with amplitudé;, and impact parameté unless
,}Kg <h“’Fa)\F°‘ A }hﬁpF)‘p> T it is supposed to be captured, will create outgoing eletroma
4 2 netic and gravitational waves with amplitud&g,; andHgyt.

If this can really happens, then it is possible to detect eletr

1
a A N AP C :
+Ta (OFRaFR " +0RaFy 29W5F>\DF magnetic KK modes in quasars spectra.
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