OJ 287: Deciphering the “Rosetta Stone of blazars*”
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Fig.1

V-band flux / mJy

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
The observations of the brightness of OJ287 from late 1800's until today.
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How: 1o explain the optical variability ¢

Fig.1 The observations of the brightness of OJ287 from late 1800’s until today.
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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, Sillanpad
et al. (1988) proposed that OJ287 is a binary pair of "]
supermassive black holes with an orbital period of
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With the disturbance of the accretfion disk —
what happens to the radio jete
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| precessing orbit

Short answer:
Nothing - the jet works like a clock -
and lots of other surprises

masses seconda S billion solar
black hole masses primary
- black hole
spin: 0.31




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

e http://www.physics.purdue.edu/asiro/MOJAVE/index.hitml
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General Relativistic

Magnetohydrodynamics
(GRMHD) simulation of a
black hole accretion disk.

The gas is orbiting around
the central black hole and
slowly moving toward it.

The disk is highly turbulent
and seeded with the
entangled magnetic 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 time scale
of the optical
variability !

just a sketch - no simulation - not to scale




Previous

masses seconda |
black hole “masses primary
== black hole
spin: 0.31

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

Britzen et al. subm. MNRAS

optical + radio variability seems to be of geometric origin

jet precession + jet rotation (nutation) -
due to viewing angle changes + Doppler beaming




JANSKYS

The jet is wandering in the sky - Precession
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distance from the 15 GHz core [mas]

—— T Apparent velocities between 10.3 ¢ and 4.7 ¢ - decreasing.
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Stationary jet features: almost no motion in jet direction.




1 l |
“superluminal features”
- Blandford-Znajek jet -

from the ergosphere of
the black hole
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JANSKYS

Radio Light-curve long-term variability = Jet precession
UMRAQ, single-dish
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short-term variability
in the 15 GHz light-curve
originates in the
jet nutation

It's all geometry.
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Binary or not a Binarye

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 10'° solar masses (Valtonen model).

Precession model for 0J287

______________

induced ™

by Jjer and Jgu
misalignment

counter-jet

Nixon, King & Price (2012)




Binary or not a Binarye

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 10'° solar masses (Valtonen model).

Binary black hole model Lense—Thirring effect on a viscous disk

Line of sight

Secondary ‘Warped disk’

. Nature: news & views
by Zulema Abraham

Fig. 1| Potential geometries for the active nucleus of OJ 287. a, The orbital motion of a supermassive
black hole binary leads to the precession of the jet on the surface of a cone with opening angle £, at an
angle @ from the observer's line of sight. b, A misalignment of the supermassive black hole spin (orange
arrow) with the accretion disk angular momentum (grey arrow) leads to the Lense-Thirring effect and
the precession of the relativistic jet (green line).

Orbit of binary
system

Accretion disk - ““fl"%ary black hole



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

Nature: News & Views
by Zulema Abraham
Jet precession in binary black holes

explains:
VLBI jet morphology
stability of the jet — works like a clock
long-term radio variability: jet precession
short-term radio variability: jet nutation
optical emission- Synchrotron emission and
related to jet emission
Periodic Doppler beaming due to viewing
angle changes - it’s all geometry!




Lense-Thirring / Frame dragging

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 (19795).

18




Mon. Not. R. Astron. Soc. 292, 136-147 (1997)

| Self-induced warping of accretion discs: non-linear evolution and

application to AGN An instability in the disc could warp

J. E. Pringle the disc and cause the observed precession

Institute of Astronomy, Madingley Road, Cambridge CB3 0HA




OJ287 - the Rosetta stone of blazars (Leo Takalo, 1994)

‘_i: 7'1 o0

mmi;i Je‘l' Componenf [»(\vl—~gr.

=13 ’Ml_,v(}l- M““v"t‘ =

io
Vsnwmaze. TNOTION
AT “?.,_. ".'.':
- ﬂ—w ) bR B RE RS T XD VI DY uwru.u m
Titdl QliE R P SN
(s s oz > VPR AR LI AU a1 Lo ALy 4 e b o VT4 it o f B IR (3 )
h DTy N ” o S XA AT Grh) bnee s U0, 1 Gtide 1V oot B A0} e MO S utari 1L
AR/ e AL s et ok Sl e u..ﬁ.\.iu{.{.:
b v T 1/ s RN L1 391 4 52 b ey Vot S
e \-_n.uq.‘ n»\-;‘\r(\'v;k‘--hﬂl‘r;/“::)?‘J\_,/;:};_":f;lx?kr,u h\,[\(lr(ﬂ.\/}’x’)w’(y_w/v ....\,.,l».:‘,.:ff‘~ "J‘"‘.‘Lah-’ﬁk
:‘:Mu.;:“!‘“:a ~7; \fn:(n[‘nyqq (\-(llf))-un&\i'\u,nx?)w re /ff)-lvrk-a;ylu !:&1‘3»\”‘1»‘)?... Ilu“v::.\‘-l\("-d“::ld):_
PR > iy S AHES /D T A piake 2 STvE 31 Ly 0 L I T "3 'm
e e . 1rsr\—-vr3ﬂ~’y‘zh’n IS "n“»""”r's.’a “xln}‘} ,,,.ff."‘.’.'h'“;‘;‘"‘,‘ﬂ...'/ i ;:'*i""“
5 Bl w22, L api | 3w AR )7 et r RO $7 350 34 [T 7o) sl " hGEEE Y R I T
Y &%,..afm' x»"‘.wg-s ki v B AR (G N2t & S SR

R

B N f
L A A mom Ao Jar A P RIS R s S e DS 13 eHi.
) (M 23D Xvnuuﬂ.\\svﬁ‘lo-u X a3 o215 5, SNl S Yohsa Turi) i U s ST RS TS O
s catn ’I‘i.‘:l‘ﬂ' o, AR SR TR IECIORRC RO Btk w2 ar eabrtralisconui i mbrec Y x«mlu:,a..
= ,\»vux T2 Y
0.2

TR ,_;,(, QIS IS CITToa w .

A R /“"“"&‘J AL sy 7S
e (ALl E p.\_‘). WA a I o vq rI a I I e Her-2oimna,qy
W\ AB eI n.o,u/w&ﬂ«: [ A (55 p oM o

AL \.u\.x,nd-(‘u.m\\«
-t-;u ¥ : Vn\\- A e 43 _ - u..wxm.
- Card AL v o < TN
T g ?rf\?. ""f,,;.m ,qgﬂLdll-um'(\VH\l prartachio) TR e
SRt

- k
ﬁht—mmmr- ‘)l:m-‘l\vﬂ'ﬂf‘l'v)x R S, 3,81 PRV MEA1D.S lfE Ll »yuil""'L\'“"‘hl'ﬂ "L"'*‘vww\h.

- A Syl o [ o] 0.9 IR QA SHES LS LG v S e 32 | v
S i AT S e R M S i e S e Ty e
Ao (.(,/\(.o,.__)y..navh-u/.\m(»n-...rb»uv L QL TN E3 Sy LAY
Ao Rendi il _h\lu'tj".‘(‘(%l(m\n)V‘).»]"u-"lw\'A-v\r\\ bie
v ,a\...y.wu-..\,),u)mrmw&\n .u->1-/~-"1 Ir\uu A1E7

b
...;,-“,h(,_g,_,_,,‘,._,,,:,( Y <J\-v'|_‘lfn|4__g\.}\u VID D ARD (o350 "l"“ Spo o winu,m
(4 Sy -u

V. |y v [0 ~(v 4% 130 vu,u\\l.w,\\\r\L»,,x\u,*.\nr': u;‘.(“ as j|- (s \l oA ""“"» N ALy

\M‘v—vq‘wnmpqmyA» Loped 13 I AL O AL Ay VA AT EF SO el e i A Ll N Ay oo vll!u-ln.vnuv.rwv(
e UL o TapiaRsaenErou 21T
AT u e AR
A etnry
HIATIRONTY
-Amn :- u...‘uvm.:\..m -

-..mnr:“u,,,,..m.-vn-“u w

e A‘thMu..clv-le"n
o XENAN

s 16, o
¥ T L (A ] wlnu'\- Ao R SRR

T
”‘ =3 - -‘ R e i1 ln" ol LA Y
il A_ 2 A r A A T A T e AR i“.-..—u
o

CAvyt 1o b M!M-I\:‘r«v IR
AASor X TARA L TN Y o A oot B30 ATAN A DA RET b sttt ¥
'.- oy .". > e LYAYANYEAIA YASA ALY TO

A‘ "
o
s Koy r et oA P MO LAV ARSI T A PRSI YA FE T AR 8 3 &

Lr/.,.

B e e B2,
&"ﬂ ..y),x.u".dn\n,u,r.g_h. r.uu qun‘;uvr“l\uﬁ oIy S0 r‘h

A granodiorite stele, found in 1799,
inscribed with three versions of a
decree issued at Memphis, Egyptin 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)



distance from the 15 GHz core [mas]

—— T Apparent velocities between 10.3 ¢ and 4.7 ¢ - decreasing.
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Stationary jet features: almost no motion in jet direction.




Jet Feature 7 Bapp 0
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Figure 2 Ridgelines for 96 epochs. The years are grouped by color as shown; the first set has solid lines
and the second set of colors has dashed lines.



