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Rapidly reorienting jets

M87 -- From 200,000 Light-Years to 0.2 Light-Year

4 - VLA-Zcm’/

‘ -~
VLA-20cm

N

A

.

VLA-7mm

™ ‘\.
VLA-90cm "} =

‘ﬂ’

S 2P
.
.
a
S
y £ VLBI- 18 cm

Credit: Fraazer Owen (NRAQ), John Birella (STSc!) and collsag ves,
The Natonal Rade Astioromy Obsevatory iIsa tacilty ol ihe
National Scence Foundalion, opeated under coope iative
agreameniby Associated Universilies, Inc

jet direction seems to be changing over ~ 100 Myr
good for isotropic heating of the ICM

What causes this?

CHANDRA X-RAY




Many examples

NGC326

X-shaped radio galaxies




|CM weather?

idealized hydrostatic ICM [Morsony et al. 2010]  turbulent ICM

Elopsed Time: 200.276 Myr Image Size: 356.624 kpc Elapsed Time: 200.143 Myr Image Size: 356.624 kpc

requires unrealistically large velocities!




Changing BH spin

[Merritt & Ekers 2002]
spin flips due to BH mergers L
problem: SMBH mergers are uncommon > S, S
). - ©
s, !
binary BH (spin-orbit) precession,
precession of inner accretion disk Jors
: : AA Je+
problem: requires a binary SMBH,; S F
rarely see jets from both BHs Fr

JBH

accretion disk slewing via Lense-Thirring
/Bardeen-Petterson effect

problem: require thin disk, should shine
as a quasar




Spin flips
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crucial for angular mom. distr. of SMBHs orbital angular momentum before plunge at ISCO

(derived from PN approx.)

retrograde orbits have large Lo => low

BH spin for many random mergers easier to spin up non-rotating BHs; spinning BHs are
stable gyroscopes

fast spin if major mergers & gas
accretion dominate for rotating BHs M2/M>0.2 required to change spin

faster spin => LSO close in and larger GW losses imp. when Mi~M; (requires NR)
accretion efficiency




Binary BH precession

> .

PN 2.5 approx.: spin-spin & spin orbit precession
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A —3/2 we may have a binary companion at | pc
M09 last pc problem!

IBH,prec ~ 2.4 X 107 yr ( | pe

no solid evidence for binary SMBHs yet.




LT effect: GR effect which induces rotation

Lense Thirring effect
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Slewing disk via BP

LT effect: GR effect which induces rotation
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tatign ~ tprec viscosity aligns!

thin disk needed, else taign~tdbi >> Myrs
S&S disk when Mdoe = 0.01 MdotEdd (25Msunl/yr for 10° Msun BH)

self-gravity & fragmentation (if Ma/MgH = H/R) limits Mot
short quasar phase in CC systems
accretion “events’ via thin disk => slowly spinning SMBHs!
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