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•  NED knows about 1092 references to OJ287 
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OJ287 – some facts 

•  Active Galactic Nucleus (AGN) = Active supermassive black hole 
–  low-synchrotron peaked (LSP) BL Lac Object – we might look right into 

the jet 
•  redshift: 0.306 (Stickel et al. 1989) 
•  it’s variable – also a TeV-emitter 
•  highly polarized, both at optical and radio wavelengths. The degree of 

linear polarization and its position angle change with time scales of hours 
to years.  
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Historic: 
A light-curve observed in 
the optical V band since 
1890 shows repeated 
outbursts at  
∼ 11.65 yr intervals  
(Sillanpää et al. 1988) 



How to explain the optical variability?  
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Valtonen et al. 2016 
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Since the light curve during an outburst resembles the 
pattern of inflow of gas from an accretion disk to a 
supermassive black hole in a tidal perturbation, Sillanpää 
et al. (1988) proposed that OJ287 is a binary pair of 
supermassive black holes with an orbital period of 
9 yr in the rest frame of OJ287. 
 
Lehto & Valtonen (1996) explain the substructure 
inside the major outbursts with a model in which a 
smaller black hole crosses the accretion disk of a 
larger black hole during the binary orbit of the 
black holes about each other. 
  



With the disturbance of the accretion disk –  
what happens to the radio jet? 
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Short answer: 
Nothing – the jet works like a clock – 
and lots of other surprises 
 



Radio Interferometry – the jet data 

•  we re-analyzed 120 VLBA data sets (Apr. 1995 – Apr. 2017)  
obtained at 15 GHz within the MOJAVE (Monitoring Of Jets in 
Active galactic nuclei with VLBA Experiments) survey 

•  http://www.physics.purdue.edu/astro/MOJAVE/index.html 
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Something is 
going on … 

1998 

2012 

2017 



General	Rela)vis)c	
Magnetohydrodynamics	
(GRMHD)	simula)on	of	a	
black	hole	accre)on	disk.		
	
The	gas	is	orbi)ng	around	
the	central		black	hole	and	
slowly	moving	toward	it.		
	
The	disk	is	highly	turbulent	
and	seeded	with	the	
entangled	magne)c	field	
lines,	shown	by	the	white	
lines.		
	
The	jet	structure	is	
highlighted	with	the	white	
contour	surface.		
	
	
Credit:	Hotaka	Shiokawa		



The	jet	is	precessing	–	
			on	a	)me	scale	
			of	the	op)cal	
			variability	!	

just	a	sketch	-	no	simula)on	-	not	to	scale		



N	

Valtonen	et	al.	(e.g.,	2016)	

Britzen	et	al.	subm.	MNRAS	

Previous	

NEW	–	

it‘s	all	
geometry	

op)cal	+	radio	variability	seems	to	be	of	geometric	origin	
	
jet	precession	+	jet	rota)on	(nuta)on)	–		
due	to	viewing	angle	changes	+	Doppler	beaming	
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The jet is wandering in the sky - Precession 
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all jet features
a 
b 
c 

Apparent velocities between 10.3 c and 4.7 c - decreasing. 

time 

Stationary jet features: almost no motion in jet direction. 
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“superluminal features”  
– Blandford-Znajek jet –
from the ergosphere of 
the black hole 

“stationary features” = tracing the rotation 
and the precession of the jet – NUTATION 



Radio Light-curve long-term variability = Jet precession 
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short-term variability  
in the 15 GHz light-curve  

originates in the 
jet nutation 

 
It’s all geometry. 

UMRAO, single-dish 

14.5 GHz, 8.0 GHz, 4.8 GHz 
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Binary or not a Binary? 
 
We suggest that the optical emission is produced by the synchrotron mechanism (e.g. 
Abraham 2000) and is thus related to the jet radiation. Disturbances of an accretion disk 
caused by a plunging black hole do not seem necessary to explain the observed 
variability.  
 
We find that although the binary black hole model does not seem necessary to explain 
the observed variability, a binary model (e.g., Katz 1997) seems to be required to explain 
the time scale of the precessing motion. Lense-Thirring precession (e.g., Pringle 1997) 
explains the time scales as well. Hereby we have considered binary black holes with a 
primary mass of 108 (Heidt et al. 1999) and 1010 solar masses (Valtonen model).  
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Binary or not a Binary?  
We suggest that the optical emission is produced by the synchrotron mechanism (e.g. 
Abraham 2000) and is thus related to the jet radiation. Disturbances of an accretion disk 
caused by a plunging black hole do not seem necessary to explain the observed 
variability.  
 
We find that although the binary black hole model does not seem necessary to explain 
the observed variability, a binary model (e.g., Katz 1997) seems to be required to explain 
the time scale of the precessing motion. Lense-Thirring precession (e.g., Pringle 1997) 
explains the time scales as well. Hereby we have considered binary black holes with a 
primary mass of 108 (Heidt et al. 1999) and 1010 solar masses (Valtonen model).  
 

Nature: news & views 
by Zulema Abraham 



N	

NEW	
explains:	
-  VLBI	jet	morphology	
-  stability	of	the	jet	– works	like	a	clock	
-  long-term	radio	variability:	jet	precession	
-  short-term	radio	variability:	jet	nuta)on	
-  op)cal	emission–	Synchrotron	emission	and	

related	to	jet	emission	
-  Periodic	Doppler	beaming	due	to	viewing	

angle	changes	– it‘s	all	geometry!	

Thanks a lot for your  

attention ! 

Britzen	et	al.	2018MNRAS.tmp..975B	
	

Nature:	News	&	Views		
by	Zulema	Abraham	



Lense-Thirring / Frame dragging  
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A gaseous accretion disk that is 
tilted with respect to a spinning 
black hole will experience Lense–
Thirring precession. 
 
 
Because the precession rate 
varies with distance from the 
black hole, the disk will "wrap 
up", until viscosity forces the gas 
into a new plane, aligned with 
the black hole's spin axis – the 
Bardeen-Petterson effect (1975). 
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An instability in the disc could warp 
the disc and cause the observed precession  



OJ287 – the Rosetta stone of blazars (Leo Takalo, 1994) 
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A granodiorite stele, found in 1799, 
inscribed with three versions of a 
decree issued at Memphis, Egypt in 196 
BC during the Ptolemaic dynasty on 
behalf of King Ptolemy V.  
 
The top and middle texts are in Ancient 
Egyptian using hieroglyphic script and 
Demotic script, respectively, while the 
bottom is in Ancient Greek. As the 
decree is the same (with some minor 
differences) in all three versions, the 
Rosetta Stone proved to be the key to 
deciphering Egyptian hieroglyphs. 
 
 Major advances in the decoding were 
recognition that the stone offered 
three versions of the same text (1799). 

Jet component  
motion 

Radio variability 

Optical variability 
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all jet features
a 
b 
c 

Apparent velocities between 10.3 c and 4.7 c - decreasing. 

time 

Stationary jet features: almost no motion in jet direction. 



The image part with relationship ID rId2 was not found in the file.
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Cohen (2017): OJ 287 as a Rotating Helix  
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