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Abstract. Abinary black hole model has been used to calculake this letter we discuss the significance of these observatio
the optical light curve of the quasar 0J287 in the 1990’s. So fand the model parameters which can be derived from them.
the model has been successful in predicting three outbursts and

one fade; an accidental probability of correct predictions is less

than one part in a million. Thus we may use the model to proBe Jets and fades

the structure of the quasar beld®~° arcsec resolution. The The most straightforward explanation for a fade is an eclips
most important information in this respect comes from the 1989,en we have to consider the optically thick disks about t
and 1998 fades which are interpreted as eclipses in the mo@lck holes which may block radiation from the emission re
The time delays from radio to optical in 1989 may be US&fjons. The two black holes have masdes - 10190, and
to position the emission regions in the jet, and the 1998 fage)s . 103M,, in the model (Pieté 1999), and they are likely
provides further constraints on the model. A high relativisti) phe surrounded by disks. Using the standayedisk model
Lorentz factor § ~ 10°~10°) is suggested, in agreement With sakimoto & Corotini 1981) for the accretion disks, we may es
microvariability data by Dreher et al.. A direct link betweeRjmate that the repeated passing of the disks through each ot
the jet emission regions and the accretion disk is suggested Ry truncate the disk of the secondary to the radius of abo
matching the radio and optical light curves with the transfgg-3 pc. As this disk is optically thick it will block radiation
rates of matter in the accretion disk at different radial distancgg,m regions behind it. If it happens that the radiating regio
This link may be provided by magnetospheric field lines. 5. compact€ 10~3 pc) and that the secondary passes ové
them in its 12 yr orbital path, then an eclipse is observed.
K_ey words: galaxies: jets — galaxies: BL Lacertae objects: in- The emitting regions should lie on the axis of the primar
dividual: 0J287 disk at some distance from primary black hole (see Fig.1). T
exact distanced?, is unknown.
Tateyama et al. (1996) have studied the core and the jet
1. Introduction 0J287 at43 GHz and 100 GHz, and find that the core compon

0J287 reached the lowest flux levels ever recorded in this qua'ga%l'g?tg_rlesgl;;et?]:tl_?l;%zb?enl%igf;?gnon V;’S(I)CE T(?T:r??on
. 0 =

in May 1989 both in optical-near infrared and in high frequen - . . .
radio bands (Takalo et al. 1990). At that time there were mac%}) c”!. The pe-scale jet compongﬂtls_ foupd at the d|stance'
possible interpretations of this fade. In the binary black hofa 0.63 mas from th_e core and its size is 0.39 mas. In aj
model (Sillan@a et al. 1988, Lehto & Valtonen 1996, Sundeliu%Ith a constant opening angle we V\.’OUId th_us estimate th_at
et al. 1977 and Valtonen & Lehto 1997) it was noted that th stancefty = 0.064 - R4, whereR, is the distance of the jet
fade more or less coincided with the crossing of the second .ponentA from the core. We onlylknow the projection of
over the pole (or jet direction) of the primary. Therefore it wag* into plane of the sky which is.8 h pC. Thus Fhe estimate
suggested that a fade should happen again in February 1 8%1 the obse_r\{at!ons atthe best. resolut_lon.avallable atpres
when the alignment of the secondary relative to the primaw!?s o S 0.1 h™"/sin § pc whered is the viewing angle of the

the same as it was in May 1989. The fade happened as expe!:%c]r .atteyimiﬁ t ‘?Jl' (199;.5) argu_e tlg"it;hhe srr?arlllest \Iilegmgan
in optical but was not seen in radio flux (Piétiét al. 1999). consislentwith observationstis= 1272 h which makesio 5

) - . 5 h=2pc.
This was the fourth successful prediction by the binary blagke%Another approach i to use Eq. 21 from Marscher and Ge
¥

hole model; considering the nature and the frequency of ¢ 85) and to substitute in it the parameters from Tateyama
h ility that th hould h h :
events, the probability that the events should have happe (1996) and Valtaoja et al. (1988). One obtafs < 0.2

accidentally within the given time range is below one pattit h-1pc. This is an upper limit sinc&, o 6% and the

Send offprint requests t.J. Valtonen Doppler boosting factof ~ 8.9 used in these calculations is
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0Je87 BINARY BLACK HOLE MODEL Table 1. Periods of maximum activity in 0J287: particle transfer rates
through the 13 Schwarzschild radius circle and periods of high level
OBSERVER o .
SITUATION of activity in radio
IN MAY 1989 EEZ:SED&SEE
JET -
- & ACCRETION Thepretlcal . Observed
1\ DISK Event Duration Max Duration Max
|
| RADIO EMISSION count flux (Jy)
po N THEET 1972 1971.2-1972.9 13  1971.5-19725 65
}: 1973 1973.1-1973.3 3 1972.5-1974.1 7.5
f 1975  19745-19753 4 1974.8-1975.4 5

! 1983  1983.2-1984.2 13 1983.2-1984.3 10

! 1985 1984.6-1986.6 13 1985.1-1986.5  12.5
R, i 1995  1995.7-1995.9 7 1995.7-1996.0 3.5

it 1996  1996.7-1996.9 5 1996.7-1996.9 2.5
I 2007 2007.3-2007.4 3 -
i 2010 2010.8-2011.0 3
I
1\

/¢\ OPTICAL EMISSION
an \\ IN THE JET

/;/ AR The high Lorentz factor is also suggested by the microvari-
= SSes ability data which give brightness temperatures in the range of

ACCRETION DISK Lo oo 10'6-102° K deduced from the observed variability time scales
BLACK HOLE (Dreher et al. 1986). It would thus appear that the small value

SCALE I(lO_z?C) | | of Ry is consistent with the variability time scales in 0J287,

o 1 =2 3 4 5 and together with the high Lorentz factor could in fact be the

Fig. 1.Aclose-up view of 0J287 in a plane perpendicular to the prima%)(planat'on for the observed microvariability.
accretion disk. The adopted distanBe between the primary black
hole and the radio emitting region is 0.08 pc. The size (= Schwarzschiid pisks and outbursts
radius) of the secondary black hole is drawn 30 times larger than its
real size; otherwise the illustration is a scale drawing. The warpifidie mass transfer in the disk is not uniform in the binary model,
of the primary accretion disk has been neglected. The magnetic fiblgt happens in episodes related to the phase of the binary or-
line connection between the accretion disk and the jet (dashed linehje Also the transfer rate varies with the radial distance in the
schematic; the true situation is likely to be much more complex.  gccretion disk of the primary. The following table (Table 1)
summarizes the particle transfer rates (counts) in the numerical
o . .. simulations (Sundelius et al. 1997) and compares them with the
a lower limit based on the assumed inverse-Compton origin Yserved high frequency radio light curves (Aller et al. 1985,
the X-ray emission (Madau et al. 1987). _ Alleretal. 1992, 1996, Tésranta et al. 1992, Valtaoja 1998).
~ Inorder that an eclipse is possibley < 0.085pc, which Nt that the maximum flux for the 1973-1975 events is
is the distance of the secondary from the primary at the tlrag,en at 8 GHz and for later events at 22 GHz and that the
of the 1989 eclipse. On the other hand, since no radio fade Viias at 22 GHz is about 50% higher than at 8 GHz (Takalo
seen in 199872 > 0.065 pc since 0.065pc is the primary —1994). The theoretical period of activity is measured when the
secondary interval one period later. The interval has decreaggfnting level is above 2 units (Sundelius et al. 1997), and the
because of the precession of the binary orbit. TAWS5pC  ,pserved period of activity is defined such that the measured
S Ro 5 0.085 pe. Alternatively, the radio emitting region mayg, s primarily above a given flux limit during this period. The
have moved outwards between 1989 and 1998. limits used are: 4 Jy at 8 GHz prior to 1981, 8 Jy at 22 GHz in
The limits for iy are somewhat lower than the above estirggy_1994.5, and 2.5 Jy at 22 GHz after 1994.5. Fig. 2 shows the
mates. But considering that these estimates are upper limits, gtk recent radio data from Métsovi (H. Tesranta, private
anyhow depend on several uncertain assumptions, we cannot@¥amunication) and compares them with the particle transfer
clude the possibility thaR, is indeed smaller thar 0.08pC.  ate through the 13 Schwarzschild radius circle in the accretion
It WO“'S apgear that a rather large value of the Lorentz facigfsy Naturally the exact value of 13 Schwarzschild radii is not
v =~ 10°-10° for the approaching jet (as may be the case in s&yanortant; it could vary about 10% on either side of 13 without
eral quasars, Ghisellini et al. 1993) together with a very sma|yniicant change in the result. The radio flux variations show
viewing anglef, i.e. looking more or less straight down on the, o6 getail than can be explained by the model. For example,
jet, may allow models wher#, < 0.08 pc.lln such a situation he 1998 flux rise has no obvious explanation in our model. In
we have the effective jet cone angles v~ andd ~ y which - his context one might consider the effect of the secondary on

by Eq. 21 of Marscher and Gear (1985) leads to a substanfigl jet and its stability, but this is beyond the present letter.
reduction of Ry when~ > 102. Further work is required to

study such situations.
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etal. 1977). ltnow seems that the radio flux also has a correlat
with the mass transfer rate, but at a larger radius. This sugge
that somehow the accretion disk at 10-13 Schwarzschild radi
connected with the jet at similar distances from the central bla
- ? § hole. This is also supported by the observed periodicity in t
2 }f ! ' 1{ radio flux of 0J287 at the period of 1.67 yr which is the rotatio
2 ﬁ { 1]\ l ﬁ; i l Ei{lﬁ period of the accretion disk at 11.7 Schwarzschild radii (Aller ¢
IR
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al. 1994). Perhaps the particle transport happens via magng
fields directly from the halo above the disk to the jet (Camenzi
Joss oY rre e 1989). Particles originating from the inner edge of the disk flo
10 to the base of the jet and radiate at high frequencies; partic
originating from the outer parts of the disk end up higher in t
jet and radiate at low frequencies.
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