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Table 1 Observed outburst times

Outburst time Estimated uncertainty(yr)
1972.945 +0.012

1982.964 +0.0006
1984.130 +0.005

1994.75 -

1995.842 +0.0015
2005.745 +0.012

2007.692 +0.0015
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INZFRBLI TR, MIRETTM S = _Zl(éti)Q B/, BRIN A BRI R & B R I AR & Bt
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Fig.1 The 3.5 post-Newtonian (PN) order orbit of OJ287. The horizontal line Y = 0 represents the

accretion disk.
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Table 2 The orbital parameters of OJ287

Orbital parameter Value

m1 1.84 x 1010 M
ma 1.46 x 108 My,

P 11.9248 yr

e 0.6693

a 0.0535 pc

Q 238.35° at 1971.48
v 32.6359° /period
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ERIHEE BB T L —W P g th R R AE. i THUEE LR — MR, Br R B IH
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MiZF R 3.5 BrE AT SRR 5, B R R R EUE T

B 2 it = 17006.5 ~ 17010.8 yr BAH O HLE, Bl 85 SBUFHE /N, 249 0.58 yr.
KEHEERE T, r ~ 6.60m,/c2, Bt £ BRI A AR 26m, /e, v T
297 0.265¢. XB, BURABEEMREIELT, 47838

Orbit of OJ287 at Late Stages
8 T T T T T

Y1(Gm, Ic?)

X1(Gm, Ic?)

Kl 2 3.5 4Bl OJ287 AYBEHISE (¢t = 17006.5 ~ 17010.8 yr)
Fig.2 The 3.5PN order orbit of OJ287 at late stages (¢ = 17006.5 ~ 17010.8 yr)
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Table 3 The orbital parameters of post-Newtonian approximation

e a v P
2.5PN 0.6689 0.05345 pc 32.6299° /period 11.9131 yr
3.5PN 0.6693 0.05349 pc 32.6359° /period 11.9248 yr

Bl 3 7 2.5PN Al 3.5PN ot S pBiE. ARER, &uJLAER, 3.5PN
BLiE 25PN BHUEZFAKR. FEESE 150 AR, W R i E i HE
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Fig.3 The orbits of 3.5PN (solid) compared with 2.5PN (dots). The horizontal line Y = 0 represents the

accretion disk.
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without 2.5PN and 3.5PN radiative terms
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Fig.4 The evolution of OJ287’s radius r(t)
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Fig.5 The coefficients of dissipative terms, As spn (left), and As spn (right)
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Fig.6 The coefficients of dissipative terms, B spn (left), and Bs spn (right)
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The Orbit of Binary Black Hole OJ287: A 3.5th
Post-Newtonian Order Calculation

WU Shu-guang ZHANG Yang FU Zheng-wen

( Key Laboratory for Researches in Galazies and Cosmology, Department of Astronomy,
University of Science and Technology of China, Hefei 230026)

ABSTRACT Supermassive binary black hole OJ287 is a strong gravitational radiation
source. To detect the signal of its gravitational wave, the knowledge of the waveform will
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be of great help, which is mainly determined by the orbital motion of the binary. For this
purpose, we carry out a detailed calculation of the orbital motion of OJ287, using the post-
Newtonian (PN) approximation up to 3.5th order within the framework of general relativity.
Our result is one order higher than the previous work made by others. As a radiation pro-
cess, there is a time delay from the instance when the secondary black hole impacts on the
accretion disk of the primary to the moment of the optical outburst. This time delay has
to be taken into account when we try to fit the calculated orbit to the observed outburst
times. Adopting a linear relation between the time delay and the impact distance as an
empirical model, we fit the calculated orbit to the observed data of the recent seven out-
bursts of OJ287, obtain the solution of its orbital motion, and give the important orbital
properties, including the averaged orbital parameters. By analyzing the result of 3.5PN
order calculation of the binary system, we find some interesting features. The precession
rate of secondary black hole is shown to increase to a maximum, and then to decrease at late
stages, and to eventually turn into a negative value. This result might indicate the break-
down of 3.5PN approximation at late stages when a more accurate calculation is needed.
More interestingly, as a main finding of this paper, we discover that the dissipative terms
of 2.5th order and 3.5th order have opposite signs. This implies that the 3.5th order term
itself does not radiate, but absorbs energy. However, the sum of the two terms still radiates
gravitational waves outward. This is confirmed by the change rate of the energy of the
system. Our results of the orbit of binary black hole OJ287 up to 3.5PN can be further used
to calculate its radiated gravitational waves.

Key words quasars: individual: OJ287, galaxy: kinematics and dynamics, gravitation:
post-Newtonian approximation, gravitational waves



