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Intoduction: BL Lacertae objects, also known as Markarians objects (MKNs), belong to the class of active galaxies which are commonly believed to be dominated by 
relativistic jets seen at small angles to the line of sight. Up to now, several astrophysical phenomena, observed towards a number of MKN objects, like precession of jets, 
periodic outburst and precession of an accreting disk under gravitational torque have been attributed to the existence of binary black holes. In particular, periodic behaviours
in the radio, optical, X-ray and g-ray light curves are observed. Based on the assumption that the observed light curve properties (signal periodicity, maximum-minimum 
flux ratio, power law spectral index and Lorentz factor) are consequences of the orbital motion of two massive black holes (MBHs), Rieger and Mannheim (A&A 2000, 
359, 948) have proposed a method to determine the binary system parameters (i.e. black hole masses and separation). De Paolis, Ingrosso and Nucita (A&A 2002, 388, 470) 
generalized the method to the case of elliptic orbit (with generic eccentricity e) and considered the astrophysical implication of the existence of such massive binaries as the 
emitted gravitational radiation signal.

AT LEAST 3 MKN  OBJECTS  (MKN 501, MKN 421 AND MKN 766)  SHOW PERIODICITIES IN THE OBSERVED LIGHT CURVES!

From the observed X light curve properties (signal periodicity 
ν , maximum-minimum flux ratio  f and X spectral power law 
index α) of the three MKNs, i.e.

MKN 501

z= 0.034
f= 8
α = 1.2
ν = 10-7 Hz

MKN 421

z= 0.031
f= 2
α = 1.7
ν = 10-4 Hz

MKN 766

z=0.012
f= 1.3
α = 2.11
ν = 10-4 Hz
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And under the assumption that the observed periodicity is due 
to orbital Doppler effect, the black hole masses are derived 
simultaneously solving

Eccentric binaries emit gravitational radiation in a multitude of 
harmonics of the orbital frequency wk associated with the semi-
major axis a.

Thus, as a first approximation, eccentric systems emit 
gravitational waves at frequencies wn=nwk (with n=1,2,3…) so 
that, following Peters and Mathews (PR.,1963,131,435), one 
obtains the expected gravitational wave spectra for the massive 
black hole binaries in the considered MKN objects. The emitted 
gravitational wave lengths are in the space based interferometer
bands (10-5- 100Hz).

Fig1: Here, we compare the expected gravitational wave spectra 
with the LISA (L), ASTROD1 (AD1) and ASTROD2 (AD2)  
thresholds, respectively.

It is known that Peters and Mathews approach does not 
describe the binary system motion in details since relativistic 
corrections (as the orbital perihelion shift showed in Fig.2) are 
not taken into account. 
In the framework of Lincoln and Will (PRD, 1990, 42,1123) 
approximation we simulate, taking into account post5/2

corrections to the MBH equations of motion, the coalescence of 
such systems and calculate the expected gravitational wave 
templates.

In the framework of Lincoln and Will approach we have almost 
the same results for Peters and Mathews approximation for 
gravitational wave radiation at the first stage of the binary 
system evolution. 

Fig3: The two polarization (hx and h+) of the 
gravitational waves emitted by the MBH 
binary system (with reduced mass m), at 
distance R from Earth, for the selected model 
in Fig. 2 are shown. The  waveforms are given  
for the first 10 orbital revolution. The two 
parameters Q and Y determine the direction 
of observation. In principle, the study of the 
gravitational wave templates will allow to 
extract informations about the MBH orbital 
parameters. 
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where the separation a, the orbital eccentricity e and the angle 
i=1/gb (being gb the Lorentz factor and vz=c(1- 1/gb)0.5) have 
to be considered as free fit parameters. The observed light 
curve period Pobs is given by

where Pk is the Keplerian orbital period. In the previous 
relations vz is the velocity of the jet emitted by one of the 
MBH (vz corresponds to a Lorentz factor gb choosen usually in 
the range 5-20).

kzobs PicvzP )cos/1)(1( −+= ( )

Conclusion: the massive binary black holes at the centers of some MKN objects could be potential sources 
for space based gravitational wave interferometers like LISA and ASTROD.

Fig2: For MKN 421,  the evolution of a MBH binary system is 
shown. The orbital parameters allow to reproduce the X-ray light 
curve periodicity. The parameter Pi=ai(1-ei

2) is given in unit of  
GM/c2 being M=M1+M2. Orbital perihelion shift is also evident 
after 10 revolutions (a). The evolutions of both the MBH binary 
system separation and eccentricity are given in panels b) and c) as 
a function of the number of revolutions.
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The values of the MBH binary system parameters, i.e. orbital 
separation a and eccentricity e , determined so that the X-ray 
light curve properties are well reproduced, can be considered 
as the initial conditions in the time evolution of the binary 
system.


