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Radio Quasars
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Jet power moderately correlates with
disk luminosity.
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Fabian ‘12
b

Supermassive black holes co-evolve with galaxies

c

(e.g. Kormendy & Gebhardt 2001; Merritt & Ferrarese 2001)

•

Their radiation and/or jets aﬀect the surrounding gas from galactic to cluster
scales (e.g. Fabian ’12).
•

Figure 6
(a) Chandra X-ray image of the Perseus cluster core. Red-green-blue depicts soft to hard X-rays. The blue
features near the center are due to absorption by the infalling high-velocity system, a galaxy that must lie at
least 100 kpc closer to us in the cluster (otherwise the absorption would be filled in with cluster emission).
Note the clear inner and outer bubble pairs as well as the weak shock to the northeast of the inner northern
bubble. (b) Pressure map derived from Chandra imaging X-ray spectroscopy of the Perseus cluster. Note the
thick high-pressure regions containing almost 4PV of energy surrounding each inner bubble, where V is the

How disks, jets, and BHs are connected?

Disk Luminosity & Jet Power
•

Utilizing SDSS-NVSS radio quasars

•

Jet power moderately correlates
with disk luminosity.
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Comparison with Blazars
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Figure 2 | Jet power versus accretion power. The total jet power estimated
using a simple one-zone leptonic model17, assuming one cold proton per
_ 2 calculated assuming an efficiency g 5 0.3,
emitting electron, versus Mc
which is appropriate for a maximally rotating Kerr black hole. Different
symbols correspond to the different emission lines used to estimate the disk
luminosity, as in Fig. 1. Shaded areas correspond to 1s, 2s and 3s (vertical)
dispersion, where s 5 0.5 dex. The black line is the least-squares best fit
_ 2 ) 1 4.09). The white stripe is the equality line. The
(log(Pjet) 5 0.92log(Mc
_ 2 has the same average uncertainty of Ldisk; the
average error bar is indicated (Mc
average uncertainty in Pjet is a factor of 3).

Ghisellini+’15

In this case, the disk is expected to become radiatively inefficient, hotter
and geometrically thick. How the jet responds to such changes is still an
open issue. An extension of our study to lower luminosities could provide some hints. Another open issue is how the jet power depends on
the black hole spin29. Our source sample consists by construction of luminous c-ray sources that presumably have the most powerful jets, and
thus have the most rapidly spinning holes. It will be interesting to explore
less luminous jetted sources, to gain insight into the possible dependence of the jet power on the black hole spin and the possible existence
of a minimum spin value for the jet to exist. In turn, this should shed
light on the longstanding problem of the radio-loud/radio-quiet quasar
dichotomy30.
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But, assuming minimum electron Lorentz
factor γmin ~1.

in

•

If γmin =mp/me, ηjet will be ~0.01 (YI & Tanaka ’16).

•

More pairs per one proton would also
reduce the power estimation based on
blazar spectral fit.
Figure 15. Same as Figure 14 but for áh ñ.

