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Fig.1 The orbit of secondary black hole of OJ 287 based on our calculation (the secondary black
hole moves in the plane of the coordinate, the unit of the coordinate is AU). The orbital
parameters: period 9.4 yr, precessional rate 40° /cycle, semi-major axis a = 11239 AU, eccentricity
e=0.71
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Fig.2 The orbit of secondary black hole of OJ 287 based on Valtonen’s calculation(!3! (the unit of
the coordinate is AU). The secondary black hole went through the accretion disk of major black
hole in 1984, 1994, 2005, etc., causing optical bursts. The line of sight is almost in the same
direction of the jet. The parameters: period 9.3 yr, precessional rate 39° /cycle, semi-major axis
a = 9300 AU, eccentricity e = 0.667
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Fig.3 The variation of radiation luminosity of gravitational waves with time. The maximums of

luminosity are expected to appear in 1996, 2008, 2020, 2032, etc., which are close to the time of

optical bursts
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Fig.4 The variation of the radiation amplification of gravitational waves with time. The

maximums of the radiation amplification (just in the range of IPTA’s sensitivity) are expected to
appear in 1996, 2008, 2020, 2032, etc., which are close to the time of optical bursts. The dashed
line indicates the rough sensitivity of IPTA
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Fig.5 The sensitivities of various kinds of gravitational wave detectors. The radiation frequencies
of both the radio galaxy 3C 66B and quasar OJ 287 are in the detectable band of IPTA. Our
calculation result (its amplification is 10715, marked by “+”) is one order of magnitude larger than
that of Hobbs et al.[!?] (its amplification is 10716, marked by “#”) . This indicates that OJ 287 is
at the detecting edge of IPTA, especially close to the sensitivity of SKA. This figure is quoted from
Hobbs et al.[19]
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Study on Gravitational Wave Radiation from OJ 287

SUN Yu-tao®? LIU Jie-ying"? LIU Jin-zhong!? Al Yan-1i'»?

ZHOU Ming!? QIAO Er-lint?
(1 National Astronomical Observatories/Yunnan Observatory, Chinese Academy of Sciences,
Kunming 650011)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABsTRACT Research on quasar OJ 287 has been lasted more than 100 years. It presents
the phenomenon of periodic outburst with two peaks. Its period is 12 years. The better
model to explain the observed phenomenon is the binary black hole model in which a black
hole moves around a primary black hole. The secondary black hole crashed the main ac-
cretion disk, leading to the outbursts. Based on this model, the light curves of OJ 287
are reasonably explained and the future outbursts are correctly predicted. These indirectly
prove that the precession effect of general relativity and the existence of gravitational waves.
The massive black hole of binary in the center of galaxy is a very important class of gravita-
tional wave source. However, it is still very difficult to accurately determine the kinematic
equations of the internal components in galaxies. Because this model provides a precise track
of the secondary black hole, the gravitational waves can be studied. Based on the existing
works, it is the first time for us to deduce the temporal evolutions of radiation power and
waveform of gravitational waves by using the post-Newtonian approximation method. Ac-
cording to the current progress of IPTA (International Pulsar Timing Array), this detection
equipment is possible to directly detect gravitational waves from OJ 287 in the next few
years.

Key words quasars: individual: OJ 287, galaxy: kinematics and dynamics, gravitational
waves



