
AGN$%Ch%14%of%MBW,%Ch9%of%S&G%%%

Roughly%speaking,%a%galaxy%is%said%to%host%an%%AGN%if%one%or%more%of%the%
following%properEes%
are%observed:%
(i)%a%compact%nuclear%region%much%brighter%than%a%region%of%the%same%
size%in%a%normal%galaxy;%
(ii)%non$stellar%(non$thermal)%conEnuum%emission;%
(iii)%strong%emission%lines;%
(iv)%variability%in%conEnuum%emission%and/or%in%emission%lines%on%
relaEvely%short%Eme%scale%(several%light%crossing%Emes%of%Rsch)%
(v)%luminous%non$thermal%radio%or%x$ray%emission%%
(vi)%presence%of%%luminous%relaEvisEc%jets%
%
(see%Ferrarese%and%Ford%2009%hSp://arxiv.org/pdf/astro$ph/
0411247v1.pdf)%

AGN$%Alias%Ac#ve%GalacEc%Nuclei%%
•  AGN%are%'radia#ng'-supermassive%

black%holes$%
–  They%go%by%a%large%number%of%

names%(Seyert%I,%Seyfert%II,%radio%
galaxies,%quasars,%Blazars%etc%etc)%%

–  The%names%convey%the%
observaEonal%aspects%of%the%
objects%in%the%first%wavelength%
band%in%which%they%were%studied%
and%thus%do%carry%some%
informaEon%

•  See%
hSp://nedwww.ipac.caltech.edu/
level5/Cambridge/
Cambridge_contents.html%for%an%
overview%

Schemtaic%diagram%of%regions%near%the%SMBH%
Urry%and%Padovani%1995%%



What%are%the%fundamental%%quesEons?%
•  %1)%How%do%AGN%"work"$%e.g.%how%is%energy%produced/extracted%and%

transformed%into%radiaEon.%What%is%the%role%of%relaEvisEc%effects%%
%%
•  2)%How%is%the%%MBH%%connected%to%host%galaxy%

–  how%do%they%form%and%affect%the%galaxy%%
–  how%do%they%affect%the%formaEon%and%structure%of%the%universe%

•  3)%What%is%the%origin%of%the%wide%range%of%apparent%types?%
%$%what%causes%the%difference%(Unified%Models)%%

•  4)%How%do%they%evolve%with%cosmic%Eme?%(Mass,%luminosity,%number)%%

•  5)%What%can%we%learn%about%strong%gravity%?%%

•  6)%What%is%the%nature/geometry%of%the%central%regions%?%(winds,%disks,%
torus,%jets)%%

•  7)%What%is%the%source%of%the%material%responsible%for%accreEon%%

6%Main%areas%of%AGN%research%%
•  What%is%the%nature%of%the%source%of%energy%

–  AccreEon%%
–  Spin%

•  Physics%of%maSer%close%to%a%black%hole%
–  broad%Fe%K%line%
–  Eming%signatures%%%

•  Affect-of-AGN-on-the-forma#on-and-structure-of-the-universe-
–  winds%
–  jets%%

•  physics%of%the%radiaEon$%what%produces%the%photons%(thermal,%non$thermal,%
relaEvisEc%phenomena)%%

•  structure%of%the%region%'near'%the%BH%
•  EvoluEon%of%BHs%across%cosmic%Eme%and%it%connecEon%to%galaxy%growth%and%

formaEon%

% %%



From%Taos%MeeEng%1989%(!)%
•  Origin of the Energy and the 

Continuum  

•  At%present%we%have%no%"reliable"%
theory%for%either%the%origin%of%the%
energy%in%the%high%energy%conEnuum%
or%of%the%creaEon%of%the%spectrum.%%

•  Most%of%the%proposed%theories%for%
photon%creaEon%are%"best"%tested%by%
looking%at%Eme%variable%spectral%shape%
and/or%spectral%features%at%E>>20%kev.%
It%is%not%clear%if%we%have%any%"testable"%
theory%for%the%origin%of%the%energy.%
However%if%it%is%due%to%"relaEvisEc"%
phenomena%(such%as%tapping%the%spin%
of%the%black%hole,%shock%acceleraEon%
of%parEcles%or%magneEc%reconnecEon)%
this%bound%also%applies.%%

• While%%results%from%GRO,%Granat,%Ginga,%SAX%
and%XTE%will%probably%suggest%a%"best"%theory%for%
low%redshim,%low%luminosity%objects%these%
missions%are%not%sensiEve%enough%to%test%the%
evoluEon%with%cosmic%Eme%of%the%underlying%
physical%condiEons.%%

• There%are%strong%reasons%to%believe%that%the%
physical%mechanism(s)%should%vary%with%cosmic%
Eme%(e.g the spin and mass of the 
central object, the relative 
accretion rate and angular 
momentum of material etc)%and%
luminosity%(compactness ratio of 
"disk" to non-thermal 
luminosity).!
• Missions%with%sensiEvity%>10x%that%of%XTE%are%
required%to%start%such%a%study.%%
%

Course%evaluaEons%are%open$%Please%Respond!%

•  www.courseevalum.umd.edu%
•  Why?%

–  %For%the%benefit%of%your%peers%
–  %Because%your%comments%count%and%we%use%it%to%improve%our%teaching%

and/or%redesign%the%course%
–  %Because%your%opinion%is%used%to%evaluate%our%performance%

•  %Don't%put%it%off%Ell%Dec%11th!%
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AGN$%Black%Holes%%

It%is%now%believed%that%%
almost%all%massive%galaxies%have%
supermassive%(M>106M!)%black%
holes%
%
But%at%z=0%only%~10%%are%'ac@ve'%

x$ray%image%

composite%radio,x$ray%and%opEcal%image%

Mass%of%Black%Hole%Compared%to%Velocity%
Dispersion%of%Spheroid%%

•  Sample%of%non$acEve%
galaxies%compare%mass%
of%black%hole%(derived%
later)%with%velocity%
dispersion%of%stars%

•  Very%high%detecEon%
rate%of%BHs%in%'normal'%
galaxies$%both%
spheroids%and%disks.%%

Gultekin%2009%



BH%Mass%vs%Galaxy%Luminosity%
•  The%BH%mass%correlates%with%

the%bulge%but%not%the%disk%
luminosity%(Savorgnan%et%al%
1511.07437v1.pdf)%

BH%mass%vs%total%galaxy%
luminosityB%red=%ETGs%%%blue%=LTGs%

BH%mass%vs-bulge%luminosity%
luminosity$%red=%ETGs%%%blue%=LTGs%

BH%Mass%vs%Spheroid%Mass%
•  BH%mass%and%spheroid%
mass%are%correlated%but%
with%wide%scaSer%

•  MBH~5x10$3%Mspheroid%%



Not%everything%fits%

•  Yesterday%In%Nature%the%object%with%the%
highest%raEo%of%BH%mass%to%total%galaxy%mass%
2:3%was%discovered.%%

•  \%

Mass%of%Black%Hole%Compared%to%Velocity%Dispersion%of%
Spheroid%%

•  Assume%a%fixed%raEo%of%
MBH%to%Mbulge.%

•  Since%Lbulge%~σ4and%as%
indicated%earlier%

•  %M/L~%~%L1/4%which%gives%%
MBH%~σ5%

•  However-the-rela#on-is-
very-#ght-(see%Silk%and%
Rees 1998)%which%show%
that%feedback%is%needed-

•  Read-
2013ApJ...764..184M-
---McConnell,-Nicholas-J.;-
Ma,-ChungMPei- McConnell%&%Ma%2013%



•  "This%galaxy%seems%to%be%
very%old,"%Dr%Van%den%
Bosch%said.%"So%somehow%
this%black%hole%grew%very%
quickly%a%long%Eme%ago,%
but%since%then%that%galaxy%
has%been%siung%there%not%
forming%any%new%stars%or%
anything%else.%

The%History%of%AcEve%
Galaxies%

•  AcEve%Galaxies%(AKA%quasars,%
Seyfert%galaxies%etc)%are%radiaEng%
massive%black%holes%with%%
L~108$1014Lsun%%

•  The%change%in%the%luminosity%and%
number%of%AGN%with%Eme%are%
fundamental%to%understanding%the%
origin%and%nature%of%massive%%black%
holes%and%the%creaEon%and%
evoluEon%of%galaxies%%

•  ~20%%of%all%energy%radiated%%over%
the%life%of%the%universe%comes%from%
AGN$%a%strong%influence%on%the%
formaEon%of%all%structure.%

X-ray Color Image (1deg)!
of the Chandra Large Area X-ray Survey-all of the 
'dots' are x-ray detected AGN- except 2 red blobs 

which are clusters !



Springel 2004!

Black%holes%play%an%important%role%in%galaxy%formaEon%theories%%

see%%Kormendy%and%Ho%2013%ARA&A%,%vol.%51.%511$653%%
for%a%recent%review%%

SFR%Rate%and%AGN%Growth%%
•  To%first%order%the%growth%
of%supermassive%black%
holes%(as%traced%by%their%
luminosity%converted%to%
accreEon%rate)%and%the%
star%formaEon%rate%are%
very%similar%
–  showing%similar%rises%and%
falls%

–  It%this%cause%and%effect?%% Black%hole%growth%

Merloni%2010%

Star%formaEon%rate%



•  RelaEon%of%mass%of%central%black%(MBH)%hole%to%the%
velocity%dispersion%of%the%stars%in%the%bulge%(σ)%

M$Sigma%relaEon%
•  Hun#ng-for-Supermassive-

Black-Holes-in-Nearby-
Galaxies-with-the-HobbyM
Eberly-Telescope-arXiv:
1502.00632-

•  R%van%den%Bosch%K.Gebhardt%,%
K.%Gültekin%,%A.%Yıldırım%,%
J.%Walsh%



Strong%relaEonship%between%galaxy%and%its%
central%massive%black%hole%%

•  The%mass%of%stars%in%the%galaxy%
is%strongly%correlated%with%the%
mass%of%the%central%black%hole%%

•  Black%holes%have%had%a%
strong%influence%on%galaxy%
formaEon%and%vv%%

(Mass in stars)1/2  

     Light in stars  

Black 
Hole 
Mass 

Scaling%relaEons%that%allows%esEmate%
of%BH%mass%in%distant%galaxies%%

%%



Problems%with%the%%FormaEon%of%the%Universe%%
•  How%did%the%universe%come%to%look%like%

it%does?%
•  Detailed%numerical%simulaEons%show%

that%gravity+%hydrodynamics%does%not%
produce%the%universe%we%see%$many%
things%are%wrong%e.g.%galaxies%are%too%
big,%too%bright%too%blue,%form%at%wrong%
Eme,%wrong%place%%

•  What%else%is%required?%
–  FEEDBACK$The%influence%of%objects%
on%the%universe%(stars%and%AGN)%%

–  Stars%don�t%have%enough%energy%%
–  So%it%has%to%be%AGN%

•  How%?%
• Where%?%
• When%?% Paradiso Canto 31


Reasons%to%believe%in%feedback%
•  Ability%to%match%galaxy%mass%

funcEon%with%a%CDM%halo%
funcEon%

•  AND%%
–  baryon%fracEon%in%galaxies,%
–  IGM%absorpEon%in%metal%
lines%at%moderate%z%

–  Entropy%in%groups%%
–  DetecEon%of%effects%of%radio%
sources%on%gas%in%galaxies%
and%clusters%%

Problems%feedback%is%invoked%to%
solve%
•  Maintain%the%close%

correspondence%between%
%the%growth%of%SMBH%and%galaxies%
across%cosmic%Eme%
•  Ensure%a%Eght%relaEonship%

between%BH%mass%and%galaxy%
velocity%dispersion/spheroid%
mass%

•  Prevent%galaxies%from%geung%
too%massive%in%a%LCDM%
universe%%

•  Solve%the%cooling%flow%
problem%in%clusters%%

%



How$the$Observable$Universe$Came$to$Be%%
•  Dark%maSer%evoluEon%in%the%

universe%now%understood%
–  %it-is-not-at-all-understood-
how-�baryonic-
structures�-(galaxies,-
groups,-clusters)-form.--

•  For%models%to%fit%the%data%addiEonal%
physics%(beyond%gravity%and%
hydrodynamics)%is%required%(heaEng,%
cooling,%mass%and%metal%injecEon,%gas%
moEons%etc)%%

•  Up%unEl%now%this%has%been%
parameterized%in%�semi$analyEc�%
models%$%%

•  The$cri7cal$problem$is$to$put$physics$
into$these$stories$

Semi-analytic modeling!

D. Croton 2007 !

CalculaEons%from%
first%principles%are%
extremely%complex%
and%difficult%%



How%to%Include%Baryonic%Physics%%
When%%baryonic%physics%is%added%to%

the%dark%maSer%N$body%
realizaEons%%a%lot%of%the%%
predicEve%power%is%lost%in%the%
addiEon%of%many%%adjustable%
parameters%required%to%describe%
the%many%physical%processes%at%
work:%

%%star%formaEon,%galacEc%
winds,%cold%streams,%
supermassive%black%holes%
(formaEon,%feedback),%
chemical%evoluEon,%galaxy%
mergers,%starbursts,%
supernova%feedback,%dust%
effects%etc,% %.%

Moster,%Maccio%and%Somerville%
25%

26%



Hopkins 2008\!
Ptak 2008!

AGN%luminosity%

SF%rate%


