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Flux density on sky [nW/m2 sr]

The Cosmic Energy Density Spectrum
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Flux density on sky [nW/m2 sr]

The Cosmic Energy Density Spectrum
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1992: launch of EGRET on the
Compton Gamma-ray
Observatory
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jet power and accretion

i

P, = radiation ~
R, lrelat.
Pfﬁimns

P,.. = P.+P,+P,




If you want to compare disk
luminosity and jet power,
the best sample is:

Blazars detected
by Fermi [ Lobs, jet
with broad emission lines [

|'clisk

Shaw+ 2012: FSRQs (~220 sources)
Shaw+ 2013: BL Lacs (26 with BLR)



The jet cannot have less power than what
required to produce the observed
luminosity:

L
‘ > nhs
Plet [2

If P, is twice as much, I' halves.

We can take P 4 as the minimum Py,
This limit is model-independent.



The jet cannot have less power than what
required to produce the observed
luminosity:

L
‘ > nhs
Plet [2

If Py, is twice as much, I' t
60 |

We can take P4 as the m

This limit is model-indeper = |

20 |

ol




Prad [erg S_l]

1 048

1 047

1 046

1 045

1 044

1 043

| IIIII"] | IIIIIII| I IIIIIII| | IIIIIII| I IIIIIII| | IIIIIII| T TTTTm)

N

1 043

O CIV & Mgll (z>1) ‘?)6
<O Mgll 1 q}"
>
gll (z>1) s 6
® CIV (z>1
(z>1) o “
Y% BL Lacs o
ARLOK
'—]— Aver. error A4 ’.{:}‘3-’ >

Oo* "; y Q)
% S
o O HB & Mgll (z<1)

- % . ® HB (z<1)

O Mgll (z<1)

1044 1045 1046 1047 1048
Ly, [erg s7!]

] IIIIIII| ] IIIIIII| | IIIIIII| ] IIIIIII| | IIIIIII| ] IIIII|,|I 11

GG+ Nature, 2014



From P,_, to Pjet

® Ynin [ total number of e- (and of protons, if no

° pairs...)

Presence of electron positron pairs
O

Radiative model: SSC vs EC vs baryons
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Radiative modei: SSC vs EC vs b\axyons
doesn't fit even more power
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log Py (ergs™)
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Apparent paradox:

Jet power proportional to accretion

And yet it is greater....



Blandford Znajek

Pey ~ a2B2M?



Blandford Znajek

2D2N\A2
Pg, ~ aszRgzc Poynting
Flux



Blandford Znajek
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Rotation > Accretion

B-field amplified by accretion can tap the spin energy of the
hole

This process is very efficient

The B-field “does not work”, the jet power comes from the BH
spin

Yet it is the catalyst for the process. No B no jet.

But B is linked to accretion, that's why Pjet is propto L,



Shows results from the fiducial GRMHD simulation A0.99fc for a BH with spin parameter a =
0.99; see Supporting Information for the movie.
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Shows results from the fiducial GRMHD simulation A0.99fc for a BH with spin parameter a =
0.99; see Supporting Information for the movie.
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Conclusion
® Pj: ~ MCZ, larger than Ly

The jet uses to energy stored in the
rotation of the hole, that was
provided by accretion. But it takes
it out faster than when it was put
in.
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