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OJ 287

short profile

z = 0.306
θobs ~ 3º
M ~ 2 x 1010 M☉

SMBBH candidate
- galaxy formation and evolution
- BH demographics and growth
Extremely close merger

Dense optical data
Sparse radio data
(esp. around opt. maxima)
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Fig. 2 (left panel). Historical optical lightcurve of OJ 287, dating back more than a century, with pronounced double 
peaks every ~12 years.  Fig. 3 (right panel): OJ 287 binary SMBH model (following Valtonen et al. 2008; which is the 
best-studied of the SMBBH scenarios). In this variant, the inspiralling secondary impacts the accretion disk around the 
primary twice during each orbit. The orbit is subject to GR forward precession (Valtonen et al. 2016), causing a 
shrinkage in the time interval of subsequent optical maxima. 

      

Fig. 4: Effelsberg lightcurve of OJ287, based on the data taken during our monitoring since December 2015 and until 
January 2017 (first results were reported by Komossa, Myserlis, Angelakis et al. 2015; and are in preparation by 
Myserlis et al. 2017). Left: flux density; right: Stokes I parameter, linear polarization degree, EVPA and circular 
polarization degree. The flux density has so far shown an almost steady increase across the whole monitoring period 
(~1yr), and the linear polarization is at the 1-4% level. The EVPA shows a remarkable, very long and smooth rotation 
which started at MJD ~57460 and has now reached an amplitude of ~200o.       

              

 

Fig. 5: Swift lightcurve of OJ287 (X-ray countrate and X-ray photon 
spectral index *, UV and optical magnitudes), based on our 
dedicated monitoring (Komossa et al. 2017), accompanying the 
Effelsberg radio monitoring. The optical magnitudes in late 2016 
exceeded that of the Dec. 2015 flare reported by Valtonen et al. 
(2016). At the time of writing this proposal (Feb. 2, 2017), OJ 287 
reached its highest X-ray flux ever recorded with Swift in the last 11 
years. 
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Komossa OJ 287 during its next decadal maximum: jet... 12-17



Ongoing, full-Stokes, high-cadence monitoring

F-GAMMA
- Jan 2007 — Jan 2015
- mean cadence: 1.3 months
- 2.64–345 GHz at 12 frequency steps
- LP (~2.5 %) and CP (~0.2 %)

Dec 2015 - now (~500 days)
- mean cadence: 8 days
- 2.64–43 GHz at 8 frequency steps 
- New full-Stokes data analysis pipeline  

Myserlis et al. 2017, A&A, in press
- LP at 2.64, 4.85, 8.35 and 10.45 GHz
- CP at 4.85 and 8.35 GHz
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Stokes I

range: 2–11.5 Jy

activity increased since mid-
Feb 2016
- correlated with frequency

spectrum always inverted

(highest) maximum: mid-Feb 
to mid-Mar 2017
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ml

range: 0.4–6.3 %
median: 2.7 %

<ml> anti-correlated with freq.
variations correlated with freq.

simultaneous ml and I peaks
- except around MJD 57800
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EVPA

CCW rotations

amplitude
- correlated with freq.
- range: ~190º–430º

rate
- correlated with freq.
- range: 0.5–1.2 º/day

rotation evolution
- smooth until Feb 2017
- opposite senses btw 8.35 

and 10.45 GHz afterwards
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mc

cadence: 17 days

range: -0.4 – 0.3 %
mean: 0 % (0.2 % |mc|)

mc peak at (highest) I max.
- 0.4 %
- LH
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BU data
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MOJAVE data
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Other bands

220 GHz (1mm) from SMA
- similar evolution
- lower flux density

- steep spectrum at mm

Fermi
- flare at MJD ~57600, 

simultaneous with a local I 
maximum

- no flare at (highest) I 
maximum

TeV
- flare at (highest) I maximum
- first detection

TeV flare



11

Interpretation (?)

Stokes I increase with flare at 
MJD ~57800

simultaneous LP and I peak(s)

extremely long EVPA rotation

simultaneous CP and I peak

emerging component (?)
EVPA rotation of VLBI core

sequence of images in Fig. 1 shows a bright, superluminal knot that
first appears upstream of the core. It subsequently moves past the
core and proceeds down the jet at a position angle of ,190u and with
an EVPA that is parallel to the jet to within the observational uncer-
tainty. The close correspondence between the optical and 7-mm
EVPAs after 29 October implies that the knot is the emitter of the
polarized optical emission during the flare.

Previous authors14–16 have suggested that rotations of the polariza-
tion vector occur in BL Lac and the similar active galactic nucleus
OJ 287. Their observations, which were more poorly sampled than
ours, allowed multiple interpretations owing to the 6180u ambiguity
of the EVPA. Despite this, the model that we advocate is quite similar
to one of those proposed previously14,15, with the location of the
emission region and connection with high-energy flares now spe-
cified by our sequences of Very Long Baseline Array images and
multiwaveband light curves.

We interpret the event in the following manner (see Fig. 3).
Explosive activity at the inlet of the jet near the black hole injects a
surge of energy into the jet across part of its cross-sectional area. This
disturbance appears as a knot of emission as it propagates along a
subset of streamlines through the acceleration and collimation zone.
Doppler beaming of radiation emitted by high-energy electrons in
the disturbance increases as the knot accelerates along its spiral path,
which stretches out with distance down the jet. These effects cause the
flux of synchrotron radiation from the knot to rise until it dominates
the optical, X-ray and (through inverse Compton scattering) c-ray
emission from BL Lac as the disturbance exits the zone of helical
magnetic field. Maximum beaming—and therefore the peak in the
light curve of the first flare—occurs during the last spiral, when the
Lorentz factor of the jet is near its asymptotic value and the velocity
vector of the knot points most closely towards our line of sight. The
peak can be quite sharp5, as observed. At the point when the flare
dominates the optical flux, we see the optical polarization vector
rotate before the shock exits the acceleration and collimation zone.
This zone is opaque at radio wavelengths, owing to synchrotron self-
absorption; hence, the first flare is absent in the radio light curves.

Beyond the acceleration and collimation zone, the disturbance
forms a moving shock wave that encounters a region of turbulence,
which is possibly driven by velocity shear across the jet6 downstream
of the point at which the magnetic and particle energy densities reach
rough equipartition4. The ambient magnetic field in the jet has a
chaotic structure in this region. Because the shock front amplifies
only the component of the field that is parallel to the front, the
EVPA becomes transverse to this direction and therefore essentially

parallel to the velocity vector of the knot at a position angle of ,190u.
During this phase, the flux lessens as the knot continues down the
broadening jet, where the magnetic field strength and electron den-
sity decrease.

According to the model we propose here, the variation of EVPA
with time should deviate from a strict linear dependence owing to
projection effects, because the circular cross-section has an elliptical
shape from our viewpoint. We have calculated this effect, including
relativistic aberration, and show in Fig. 2g that the optical EVPA data
do follow the predicted curve. The small number of brief excursions
of the EVPA from the curve, the deviations from the mean EVPA
before and after the rotation, and irregularities in the light curves can
all be explained by local flare-ups of emission that briefly amplify
both the polarization along a particular direction and the flux at
various wavebands.

The smoothness of the plot of EVPA versus time eliminates
the possibility16,17 that the rotation is actually a random walk of the
polarization vector due to a chaotic magnetic field. If this were the
case, our numerical simulations (see ref. 17) indicate that the curve
would be much more jagged than is observed when the degree of
polarization is ,5%. In the simulations, this level of polarization
corresponds to synchrotron emission from ,200 independent cells,
each with a randomly oriented magnetic field. Apparent rotations by
,240u are very rare in such simulations, whereas they are common
during flares of BL Lac and similar objects14.

Both synchrotron radiation and inverse Compton scattering con-
tribute to the X-ray emission from BL Lac, with synchrotron radi-
ation dominating when electrons are accelerated to energies in the
TeV range18,19. This generally causes the plot of flux density (Fn)
versus frequency (n) to steepen in the X-ray range in such a way that
the spectral index a is greater than one, where Fn / n2a. Such X-ray
spectral steepening occurs during the first flare. In contrast, the X-ray
spectrum becomes harder (a , 1) during the second flare, as is
expected if the X-rays are mostly generated by inverse Compton
scattering of optical and infrared photons.

The second flare, which started at 2005.89, is simultaneous with
the passage of the knot through the core seen on the Very Long
Baseline Array images. If the core were a standing conical shock, as
has been determined from simultaneous radio and optical polariza-
tion variability in the case of the quasar PKS 04202014 (ref. 18), the
emission would increase as the knot undergoes compression by the
shock front. The flare dies down at optical and X-ray frequencies as
the knot propagates away from the core down the expanding jet.
However, it lasts much longer at 43 GHz, at which frequency the
synchrotron radiation requires lower-energy electrons that have
longer energetic lifetimes than those emitting at higher frequencies.

In the Supplementary Information we relate the angular velocity of
the feature, inferred from the rotation of the optical polarization
vector, to the rotational velocity of the base of the magnetic field near
the black hole. We find that the rotational velocity thus obtained is
consistent with the predictions of models in which the jet is driven by
twisting magnetic fields from either the accretion disk1,3,4,5 or the
ergosphere of the black hole2,3,20,21.

The combination of densely sampled sub-milliarcsecond imaging
using the Very Long Baseline Array, polarimetry, and multiwaveband
flux measurements has allowed us to explore the inner jet of BL Lac.
Future data from more sensitive c-ray Cherenkov detectors and the
NASA Gamma-ray Large Area Space Telescope will soon allow more
refined analyses. The ability to detect emission upstream of the core
at 7-mm wavelength indicates that increasing the resolution of very-
long-baseline interferometry by adding antennas in high Earth orbits
will provide more detailed direct imaging of the inner jets of active
galactic nuclei.
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Figure 3 | Proposed model for the inner jet of BL Lac. A shock propagates
down the jet along a spiral streamline. The first flare occurs during the last
240u twist of the streamline before the flow straightens and becomes
turbulent. The passage of the feature through the millimetre-wave core
stimulates the second flare. A logarithmic scale of distance from the black
hole, shown in terms of the Schwarzschild radius (RS), is used to illustrate
phenomena on various scales.
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High-cadence, full-Stokes monitoring with Effelsberg
- Dec 2015 – now
- mean cadence: 8 days
- LP at 4 frequencies: 2.64, 4.85, 8.35 and 10.45 GHz
- CP at 2 frequencies: 4.85 and 8.35 GHz

Stokes I flare in mid-Feb to mid-Mar 2017
Simultaneous LP and I peaks
opacity transition signature around MJD 57800
Long (up to 430º), CCW EVPA rotation
CP peak at Stokes I flare

BU & MOJAVE: new core component  and EVPA rotation

Interpretation
- tracing the helical path or helical B-field component within the core
- opacity transition when the component emerges from the core
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Summary


