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Here we report the discovery of the fastay variability of the blazar OJ 287. This blazar is
known to host a binary supermassive black hole in its ceitez.observed variability occures on
the time scaldyar < 3— 10 hours, which is significantly shorter than the light chog¢ime of the
primary black hole in the system. This indicates thatythray emission is coming from the jet of
the secondary, less massive black hole in the syste3n(10° M, vs. 18 x 10'°M.,). Detection
of the y-rays with energies higher than 10 GeV allows us to concltids,the Doppler factor of
the jetis larger than 4. The study of the orbital modulatibaraission of OJ 287 may make it be
a unique laboratory for the study of the mechanism(s) of tie&tion of jets of black holes.
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1. Introduction

Although large-scale jets ejected by Active Galactic Nu@¥sN) were discovered almost a
century ago, origin of this phenomenon remains obscure ypedsent days (see [8] for a recent
review). Blazar OJ 287z(= 0.306 [16]) provides a unique laboratory for the study of theehae
nism of AGN activity, because this is one of the few AGN knowrhbst binary black hole system
[9, 17]. In this system, a lighter black hole of the ma&s;1 ~ 1.3 x 10°M,, orbits a heavier black
hole of the mas$/gn2 ~ 1.8 x 10'°°M, with a periodP,, ~ 11.65 yr [17, 15]. Separation of the
components of the system at periastron is just about 10 Sebkelild radii of the heavier black
hole, so that the orbital motion is strongly affected bytieistic gravity effects [18].

Most of the existing studies of multi-wavelength blazanaist of OJ 287 adopt the assumption
that observed jet is emitted by the larger black hole in thie(pae e.g. [17]). However, the emission
in BL Lacs is strongly boosted by relativistic effects. Thifishe less powerful jet emitted by the
smaller black hole is aligned with the line of sight, while let from the larger black hole is not,
the jet from the companion might dominate in the observed flux

In what follows we show that variability properties gfray emission from OJ 287 indicate
that the relativistically beamed emission comes from thereduced by the smaller black hole.

2. Fermi observations

In order to study variability of theg-ray signal during the flaring activity, we have processed
publicly available data of the LAT instrument over the pdrisugust 2008 — September 2010, using
the Fermi Science Tools provided by tHeermi Science Support Centre. The data were selected
usinggtselecttool. The lightcurves were produced with the helmtdin andgtexposurdools as it
is explained in théermidata Analysis Threads

The lightcurve of the brightest flaring period, shown in Fig.reveals several well separated
flares. The brightest flare which happened on October 22, 23¥9reported by [5]. Follow
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Figure 1: Lightcurve of October-November 2009 flare of OJ 28°Ein- 0.1 GeV energy band, binned in
time bins with S/N ratio equal to 3. Black curve shows modebfithe lightcurve, Eq. 2.1 with parameters
given in Table 1.

Ihttp://ferm.gsfc. nasa. gov/ ssc/ dat a/ anal ysi s/ sci t ool s/
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k tx trk tak Ax
d d d x10°% cm2s1

1] 14+05 507280 70739 0.33"0%¢
2| 56723 01593 10708 1.0°5%
31602007 0337555 030757  23%0¢
4| 176708 0504 04673 1573
5| 208703 04793 10703 13,53
6| 37213 20718 19793 041015

Table 1: Parameters of the model fit (see Eq. 2.1) to the lightcurveefray flare of OJ 287 together with
their 68% confidence ranges.

up observations of October 22 flare Bwift XRT have revealed an increase of the X-ray flux
accompanying thg-ray flare [6].

0J 287 is located close to the Ecliptic plane, and, in priecifhe lightcurve can be affected
by the Sun passing through the region of the sky close to tliesoWe have checked that this is
not the case for the lightcurve in Fig. 1, as at the Sun was tharel5 away from OJ 287 during
the time interval in question.

Analysis ofy-ray images of the sky reveal few other sources in the vicioitOJ 287. How-
ever, these sources are rather weak, so that they are notetkteithin the one-month exposure,
corresponding to the duration of the flaring activity of OF 28nd can not affect the results pre-
sented here.

The lightcurve of the flare consists of several well sepdratdses with rather sharp rises and
decays. To find the rise and decay times we have fitted theclighg with a phenomenological
model of a sum of exponentially rising and decaying pulses

Acexp((t—te)/t), t<tk
=B+2 {Akexp (t =) /tai) , t >t @1

whereB = constis the background level. The background level was found fitoencircle of the
radius 2 displaced by 5 degrees from the source position. Paranaftére model function (2.1),
derived from the fitting, are given in Table 1.

One can see from Fig. 1 and Table 1 that brightest flares araatbdazed by the rise/decay
times of several hours. At this time scales measuremenniplicated by the fact thatermiLAT
telescope observes a given patch of the sky oncedrh8urs (once per two rotation periods of
~ 96 min). This can be seen from Fig. 2. Photons from the sourdeébackground regions come
only within periodic time intervals spaced by 3.2 hr markgdértical grey strips in the two panels
of the Fig. 2. Itis clear thaFermVLAT pointing pattern does not allow to constrain the riss/ay
time of the flares to better than 3.2 hr. The apparently alengtof the flare limits the decay time
of the flare to be less thanZhr. Assuming that the source flux did not change in the tirterval
following the peak of the flare, one could estimate the chg@nobability of detecting zero photons
in this time bin to be & 1074,
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Figure 2: Upper panel: lightcurve of brightest episode of OctoberdNober 2009 flare of OJ 287 B >

0.1 GeV energy band. Lower panel: energies and arrival timgsra§s from the source (black points) and
from the background region (grey points). Vertical greypstshow the periods when the source was in the
field of view of the LAT telescope.

3. Origin of therelativisticjet in OJ 287

Constraint on the variability time scale of thgay flaresT,sr = min(ty, tqk) < 3.2 hr, derived
above, enables us to identify tlrgay emission site within the binary black hole system of 84.2

It is commonly accepted that theray emitting jets are generated by the AGN "central en-
gines", the supermassive black holes, on the distancessaflke order of the gravitational radius
Ry of the supermassive black hole. Minimal variability timealscof the electromagnetic emission
originating from the AGN central engine is expected to besiatrter than the light-crossing time
of this black hole,

Tie = 2(1+ 2)Ren/c = 2(1+2) (Rg—i—\/Rs—az) /c (3.1)

_ } 05[Mg1/1.3x 1M hr,a=Ry
~ ] 0.9[Mgn/13x 1PM] hr,a=0

whereRgy is the size of the black hole horizon and<Ca < Ry is the black hole’s rotation mo-
mentum per unit mass. Variability at the time scalg ~ T is observed for a number of sources,
powered by black holes ([1-3, 7, 10, 11, 13]).

The light crossing time for the larger black hole in the systeith Mgy ~ 1.8 x 101°M,, varies
from 120 @ = 0) to 70 hours & = Mgy), for the smaller one this transforms to 0.9 and 0.5 hours
correspondingly. Thus the upper bound obtained here is mmetler than the light crossing time
of the more massive black hole in the pair, but, at the sam isarger than the light crossing time
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of the companion with the mass gy ~ 1.3 x 10°M.,. Note, that this result does not depend on
the assumptions about the relativistic motion of phgy emission region, as the minimal possible
time scaleATnin of an emission from the relativistic jet moving with bulk lemtz factorl does
not depend o and is instead determined by the size of the non-moving fakahgine" which
ejected the jet [4, 11, 12]. This implies that the obseryady emission is generated by the jet
emitted by the lower mass companion black hole in the system.

Such a conclusion may look counter-intuitive, unless otegadnto account the relativistic
beaming effectsy-ray flux from the relativistically beamed jet, moving withilk Lorentz factor
[ at an angled with respect to the line of sight, is boosted by a faaddr whered = (I'(1 —
Bcosh)) ! is the Doppler factor. A constraint on the bulk Lorentz faabthe jet produced by
the Mgy ~ 1.3 x 10®M,, black hole could be found under the assumption that the vedet-ray
emission from the system [14] originates from the same gibreas the GeV emission.

The highest energy af-ray photons coming from the sourcefigmax > 30 GeV (see Fig. 2).
y rays of such energies can produgee pairs in the interactions with the X-ray photons of the

ener
i £ > TomEc oo [T]° Bumac ) ™o 3.2)
= +22%, " 4] [30Gev '

where we have assumed that the typical collision angleshfophotons emitted from the jet are
a ~ 1 Apparent (relativistically beamed) luminosity of OJ 28he soft X-ray band iBapp

3 x 10* erg/s, which corresponds to the observed figx~ 1012 erg/cnfs [14]. Calculating
the optical depth of theg-ray emission region with the comoving siR ~ dcTs/(1+ 2) and
luminosity L’ ~ 5~#(1+ 2)?Lx one finds

0 -° Lx Tvar -
Ty = 0.5 {Z] {1044 erg/s] [3.2 hr} 33)

High energyy rays can escape from the sourcef < 1. This condition imposes a restriction on
the Doppler factod = 4.

Thus, the observegray flux from the jet is Doppler boosted by at least a fadtbp 3 x 107
It is interesting to note that even if the emission from thghleir mass black hole is not relativisti-
cally beamed towards the observer on the Earth, it might Hieatbin the spectrum of the source.
Indeed, assuming a simple Eddington-like scaling of theedion rate and the jet luminosity with
the black hole masg; ~ Mgy, one finds that the relativistically beamed luminosity & jét from
the lighter black holé. ~ &*L; > 10%L; could, in fact, be comparable to the overall luminosity of
the heavier black hold,, ~ (Mgp2/Mgn1)L1 ~ 1.4 x 10PL;. Fast variability of the emission can,
therefore, serve as a tool for identification of the contidouof the emission from the lighter black
hole in the overall source spectrum.

4. Conclusions

To summarize, we find that the observations of OJ 287 inBhe 0.1 GeV energy band
constrain the minimal timescale of the flux variations of sleerce to be shorter than 3.2 hr. The
upper limit on the minimal variability timescale impose®atriction on the size of the jet formation
region. We find that the size of the jet formation region in@k287 system is much smaller than
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the size of the horizon of the more massive black hole in tlire phis means that the observed
ray emission is produced by the jet ejected from the smait@kihole. Higher apparent luminosity
of the smaller mass companion is explained by the effectofé¢tativistic beaming of the-ray
emission. Combining the X-ray andray data, we find a restriction on the Doppler factor of fhe
ray emitting part of the jet) = 4. The observed variability time scale indicates that thegixestic
jet from the smaller black hole is formed close to the blade mrizon, well inside the last stable
orbit around non-rotating supermassive black hole.

y-ray data provide a new insight in the physical model of thmabi supermassive black hole
system in OJ 287.y-ray flaring activity is produced in the connection with thespage of the
smaller black hole through the accretion disk around thgelacompanion during the periods of
the close approach of the two black holes in the periastrahebinary orbit. Interaction of the
smaller companion with the larger mass black hole accretiskleads to the transient episodes of
the ejection into the relativistic jet from the smaller mbksck hole. It appears that the transient jet
from the small mass black hole happens to be aligned alontingmef sight, the fact responsible
for the BL Lac type appearance of the source. It is not céegriori if the jet from the smaller
mass black hole forms only during the periastron passageeaists throughout the binary orbit.
Systematic monitoring of the source evolutioryinays on the orbital (11.7 years) time scale, which
is now possible withrermi, might clarify this question.
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