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Looking up at the night sky with optical light… 
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AGN: mass accretion onto Super Massive Black Holes
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C O M P A R E  T O  ~ 0 . 0 0 7  M A X I M U M  F O R  N U C L E A R  F U S I O N !

The most  eff ic ient  mechanism for  energy production
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AGN: mass accretion onto Super Massive Black Holes
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Eddington Luminosity:

Gravity  

pull

Radiation  

pressure

Gravitational Radius:

Eddington Ratio:



The AGN phase is crucial to understand galaxy evolution
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IMAGE CREDITS: Cordes 
& Brown

A FEEDBACK MECHANISM BETWEEN THE CENTRAL  

SUPERMASSIVE BLACK HOLE AND THE HOST GALAXY

McConnell & Ma 2013

Ferrarese & Merritt 2000, Gebhardt et al. 2000



AGN Feedback
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Kinetic feedback

Radiative feedback

Radiative + kinetic  
feedback

Radio jet

Luminosi ty

? % of  AGN  
how and how much?

Luminosi ty  + wind 

“Radio mode” 
LLAGN 
ADAF-powered

“QSO mode” 
Luminous AGN 
disk-powered



A feedback mechanism between the SMBH and the host galaxy

How much energy does the AGN 

deposit  in the environment?

How does the accretion/ejection 

flow  around SMBHs work?

Physical and geometrical structure of Active Galactic Nuclei



AGN Unified Geometrical Scenario
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Urry & Padovani 1995; Antonucci 1993

UNOBSTRUCTED OR OBSCURED VIE W  
OF THE CE NTRAL ENGINE OF LUMINOUS AGN

“Central  engine”:  accret ion disk  + upscatter ing corona

Shappee et al. 2014 

Plenty  of  gas  and radiat ion around:  lots  of  reprocess ing



AGN are multi wavelength messengers
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Cao et al. 2011

SPECTRA L ENE R GY DIST R IBU TI ON (SED)

RA DIO INFRARED UV X-RAY
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L IGHT MINUTES

L IGHT DAYS

UV and X-rays probe the AGN innermost regions 
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The UV/X-ray SED of luminous AGN varies with mdot

Jin et al. 2012

High mdot:

Low mdot:

Strong UV f lux, weak X-ray f lux

Plenty  of  X-ray photons compared to the UV ones

Accret ion disk  temperature:



Blueshifted absorption lines in the UV spectra
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“ N A R R O W ”  

“ M I N I - B R O A D ”  

“ B R O A D ”

FWHM < 500 km/s 

500 km/s < FWHM < 2000 km/s 

FWHM > 2000 km/s

N A R R O W / M I N I - B R O A D  U V A B S O R P T I O N  L I N E S  I N  > 5 0 %  O F  AG N  

K
aastra et al. 2014

K
aastra et al. 2014



UV Broad Absorption Lines
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T H E  M O S T  S P E C TA C U L A R  E X A M P L E S :  B A L Q S O S

O B S E R V E D  I N  1 5 - 2 0 %  O F  O P T I C A L LY  S E L E C T E D  Q S O S  

L A R G E R  I N T R I N S I C  F R A C T I O N  ( > 3 0 - 4 0 % )

Velocity up to 0.2c

Arav et al. 2001



X-ray narrow absorption lines
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X- R AY  “ W A R M  A B S O R B E R ”  

O B S E R V E D  I N  > 5 0 %  O F  AG N

Velocity of  100-1000s km/s

Mehdipour et al. 2010 Sako et al. 2001



X-ray broad absorption lines
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Nardini et al. 2015

Velocity >10,000 km/s, up to ~0.4-0.5c

“ U LT R A - FA S T  O U T F L O W S ”  A R E  O B S E R V E D  I N  > 3 0 %  O F  L O C A L  AG N  
Tombesi et al. 2010

Large column densit ies > 1023 cm-2 of  highly ionized iron
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Radiation Pressure can launch high-velocity winds through continuum and line opacity

Thermal  Pressure can launch low-velocity winds: X-ray warm absorber, UV NALs

Magnetic  Field can launch self-similar winds of any velocity

e.g., Krolik & Kriss 2001; Dorodnitsyn et al. 2008

e.g., Königl & Kartje 1994; Fukumura et al. 2015

e.g., Murray et al. 1995: Proga & Kallman 2004

The wind must overcome gravity to exist

The closest to the SMBH is the wind launching point, the fastest is its terminal velocity.



 M A R G H E R I TA  G I U S T I N I  —  E S AC  S E M I N A R  —  2 0 / 0 6 / 2 0 1 9

Radiation Pressure can launch high-velocity winds through continuum and line opacity

Thermal  Pressure can launch low-velocity winds: X-ray warm absorber, UV NALs

Magnetic  Field can launch self-similar winds of any velocity

e.g., Krolik & Kriss 2001; Dorodnitsyn et al. 2008

e.g., Königl & Kartje 1994; Fukumura et al. 2015

e.g., Murray et al. 1995: Proga & Kallman 2004

L > L Edd:  Super-Eddington wind

The wind must overcome gravity to exist

The closest to the SMBH is the wind launching point, the fastest is its terminal velocity.
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Radiation Pressure can launch high-velocity winds through continuum and line opacity

e.g., Murray et al. 1995: Proga & Kallman 2004

L > L Edd:  Super-Eddington wind

Radiation-driven winds

If matter is partially ionized:   

effective cross section >> 

Line-driven wind  

at L < LEdd
Dannen et al. 2019

“Force Mult ipl ier ”  M
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Line-driven accretion disk winds

If matter is partially ionized:   

effective cross section >> 

Line-driven wind  

at L < LEdd
Dannen et al. 2019

“Force Mult ipl ier ”  M

Shielding gas

UV wind

The relat ive X-ray/UV photon f lux  is  

crucia l  for  LD to be eff ic ient  in  AGN:  

the UV-absorbing atoms need to be 

“shielded”against  the X-ray  photons in  

order  not  to  lose electrons and be able 

to  become a wind. Gallagher & Everett 2007
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Line-driven accretion disk winds

Shielding gas

UV wind

The relat ive X-ray/UV photon f lux  is  

crucia l  for  LD to be eff ic ient  in  AGN:  

the UV-absorbing atoms need to be 

“shielded”against  the X-ray  photons in  

order  not  to  lose electrons and be able 

to  become a wind. Gallagher & Everett 2007

SMBH Gravity vs Gas, Radiation, or Magnetic Driving
Rude rule of thumb: the fastest the wind terminal velocity, the closest to the SMBH the launching point

Thermal Pressure Radiation Pressure

UV line driving: effective if the wind is
shielded against the central ionizing 
continuum (e.g., Murray et al. 1995) 

Magnetic Field

No need for shielding
to launch the wind

(e.g., Konigl & Kartje 
1994, Everett 2005, 

Fukumura et al. 2010) 

A “shield” of highly dense gas naturally arises in 
hydrodynamical simulations of highly accreting 

AGN (e.g., Proga et al. 2000, 2004)

Able to explain low velocity
outflows as X-ray warm 

absorbers and low-uout UV 
NALs (e.g., Krolik & Kriss 2001, 

Chelouche & Netzer 2005)

e.g., Murray et al. 1995: Proga et al. 2000; Proga & Kallman 2004; Risaliti & Elvis 2010



Line-driven accretion disk winds
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For  high Eddington rat ios  and large 

black hole masses:  an inner  fa i led wind 

shields  the farther  out  port ion of  the 

f low f rom the centra l  X-ray  radiat ion. 

St rong equator ia l  disk  winds are  

launched.

SMBH Gravity vs Gas, Radiation, or Magnetic Driving
Rude rule of thumb: the fastest the wind terminal velocity, the closest to the SMBH the launching point

Thermal Pressure Radiation Pressure

UV line driving: effective if the wind is
shielded against the central ionizing 
continuum (e.g., Murray et al. 1995) 

Magnetic Field

No need for shielding
to launch the wind

(e.g., Konigl & Kartje 
1994, Everett 2005, 

Fukumura et al. 2010) 

A “shield” of highly dense gas naturally arises in 
hydrodynamical simulations of highly accreting 

AGN (e.g., Proga et al. 2000, 2004)

Able to explain low velocity
outflows as X-ray warm 

absorbers and low-uout UV 
NALs (e.g., Krolik & Kriss 2001, 

Chelouche & Netzer 2005)

e.g., Murray et al. 1995: Proga et al. 2000; Proga & Kallman 2004; Risaliti & Elvis 2010



A global view of the inner accretion/ejection flow around SMBHs
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Strong k inet ic  feedback 
Weak radiat ive feedback

Ineff ic ient  accret ion f low

Hot  ADAF

Strong jet

Col l imated, re lat iv is t ic  
e ject ion f low

Eff ic ient  accret ion f low

Cold disk  + corona

Weak jet

Wide-angle, sub-relat iv is t ic  
e ject ion f low

Strong radiat ive feedback 
Weak k inet ic  feedback

Variat ions of  SED with black hole mass

?
Presence/absence of  strong accretion disk winds

LLAGN Seyfert QSO super-EddingtonQuiescent



A global view of the inner accretion/ejection flow around SMBHs
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Quiescent

LLAGN

Seyfert

QSO

Super-Eddington



Logarithmically-scaled side view of the inner parsec of an AGN
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Optical ly  th in  matter Optical ly  th ick matter

Relat iv ist ic  jet Wide-angle wind

Persistent   
outf low

Transient   
outf low

Sporadic   
outf low

Fai led 
wind



A global view of the inner accretion/ejection flow around SMBHs
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Quiescent

LLAGN

Seyfert

QSO

Super-Eddington

Optical ly  th in  matter

Optical ly  th ick matter

Relat iv ist ic  jet

Wide-angle wind

Pers istent  f low

Transient  f low

Sporadic  outf low

Fai led wind



Bremsstrahlung + Compton 
f rom the accret ion f low

Synchrotron f rom the jet

Quiescent galactic nuclei
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Relat iv ist ic  polar  jet  

Non-radiat ive accret ion f low

Thermal ly/magnet ical ly  dr iven outer  winds with  v~100-1000 km/s 

No L ine-Dr iven disk  winds 



Low Luminosity AGN
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Bremsstrahlung + Compton 
f rom the hot  accret ion f low

Synchrotron f rom the jet

Weak thermal  emiss ion 
f rom the outer  disk

Relat iv ist ic  polar  jet

Thermal ly/magnet ical ly  dr iven outer  winds with  v~100-1000 km/s 

No L ine-Dr iven disk  winds 

-

Radiat ive cool ing starts  
in  the outer  1000s r g



Seyfert/mini-BAL QSO
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Line-Dr iven disk  winds can be launched

Moderate/transient  jet

Radiat ive cool ing is  eff ic ient

Outer  th in  disk  and inner  hot  corona

Thermal  emiss ion f rom the disk

Compton up-scatter ing  
in  the corona



Seyfert/mini-BAL QSO
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Line-Dr iven disk  winds can be launched

Moderate/transient  jet

Radiat ive cool ing is  eff ic ient

Outer  th in  disk  and inner  hot  corona

Thermal  emiss ion f rom the disk

Compton up-scatter ing  
in  the corona



QSO/BAL QSO
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LD disk  winds dominate the eject ion f low

Moderate/transient  jet

Radiat ive cool ing is  eff ic ient

Thin disk  down to ISCO, inner  compact  corona

Strong thermal  disk  emiss ion

Weak , s teep coronal  emiss ion



super-Eddington
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Polar  and equator ia l  outf low, a lmost  4pi  s r

Super-Eddington winds 

The inner  disk  puffs  up under  the strong radiat ion pressure 

The innermost  corona is  very  compact  and (relat ively)cold



A global view of the inner accretion/ejection flow around SMBHs

 M A R G H E R I TA  G I U S T I N I  —  E S AC  S E M I N A R  —  2 0 / 0 6 / 2 0 1 9



Line of sight and geometrical effects
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Weak geometr ica l  effects
Almost  isotropic  f low

Weak geometr ica l  effects

Almost  isotropic  f low

Strong geometr ical  effects
Strongly anisotropic  f low

Quiescent

LLAGN

Seyfert

QSO

Super-Eddington



Broad Line 
Seyfert  

mini -BAL QSO

Narrow Line 
Seyfert  

BAL QSO

Important geometrical effects in the Seyfert/QSO regime
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The present and the future
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The present and the future
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BH spin?



The present and the future
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BH spin?

Radio Loudness? Magnet ic  f ie ld?

N
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Pecul iar  objects?



Mass outflow rate and kinetic efficiency
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PDS 456 as seen by ATHENA
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XMM-Newton, NuSTAR ATHENA X- IFU

Real is t ic  mass  outf low rate measurements  wi l l  be possible!


