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P
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U
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hom
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(D
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U
.),R
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elderm
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(W
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K
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U
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b
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U
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endy

B
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U

.),T
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W
einzirl(D
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U
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Q
uasars:

A
S

cientific
M

ystery

1950s:
radio

astronom
y

is
a

new
field.

S
earch

for
opticalcounterparts

to
radio

sources:
—

C
enter

ofthe
M

ilky
W

ay
G

alaxy
(S

agittarius
A

).
—

S
upernova

rem
nants

(C
rab

N
ebula).

—
R

adio
galaxies

(C
entaurus

A
).



R
adio

G
alaxies

C
entaurus

A
—

V
LA

and
O

pticalsuperposed



A
N

ew
C

lass
of

R
adio

S
ources

P
roblem

:
poor

resolution
ofearly

radio
telescopes.

P
eculiar

group
ofradio

sources:
—

S
tellar

appearance
(quasi-stellar)

in
opticalim

ages.
—

U
nidentified

em
ission

lines
in

spectra.

Q
uasi-stellar

radio
sources

or
Q

uasars.



3C
273

3C
273

photographic
im

age
by

A
lan

S
andage;P

alom
ar

200-inch
telescope



P
eculiar

Q
uasar

S
pectra

M
arteen

S
chm

idt1963:
—

3C
273

—
highly

redshifted
H

-B
alm

er
em

ission
lines.

—
.

G
reenstein

&
S

chm
idt,A

strophysicalJournal,140,1



3C
273:

D
istance

and
Lum

inosity

S
chm

idtapplies
H

ubble’s
Law

(
km

/s/M
pc):

—
high

redshift
large

distance,474
M

pc.

—
large

distance
large

lum
inosity,

.

3C
273:

m
ostlum

inous
objectknow

n
in

the
universe.



Q
uasar

S
ize

B
rightness

varies
on

tim
escales

ofw
eeks

or
m

onths.

V
ariability

tim
escale

depends
on

2
things:

—
physics

ofvariability
m

echanism
.

—
lighttraveltim

e
to

cross
the

source;
upper

lim
itto

size.
quasar

diam
eters

m
ustbe

less
than

a
few

lightm
onths.

Q
uasars

are
extrem

ely
distant,extrem

ely
lum

inous
and

tiny!



Q
uasar

C
ontroversy

A
re

quasar
redshifts

really
due

to
distance?

N
on-cosm

ologicalredshifts:
—

are
quasars

ejected
from

nearby
galaxies?

Q
uasar

“fuzz”:
—

deep
im

ages
oflow

-redshiftquasars
reveals

hostgalaxy.
—

quasar
and

surrounding
fuzz

have
sam

e
redshift.

Q
uasars

are
phenom

ena
ofthe

centers
ofgalaxies.



Q
uasar

H
ost

G
alaxies
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H
S

T
im

ages
ofP

G
1211

and
P

G
1351

—
B

arth,etal.
(in

prep.)



Q
uasar

H
ost

G
alaxies

����������� �! #"%$'&)('(

H
S

T
im

age
of P

G
0844

—
B

ar th,et al.
(in

prep.)



Q
uasar

E
nergy

S
ources

W
hatthen

can
be

the
energy

generation
m

echanism
?

—
accretion

on
to

black
holes

(R
ees

1967)
—

hostgalaxy
gas

as
fuelsource:

“feeding
the

m
onster”.

—
quasar

spectra
sim

ilar
to

nearby
galaxy

nuclei.
quasars

are
high-lum

inosity
variety

ofA
ctive

G
alactic

N
u-

clei(A
G

N
).



A
ctive

G
alactic

N
uclei

C
onfusing

phenom
enology

and
classification:

—
Type

1,Type
2,R

adio
Loud,R

adio
Q

uiet.
—

S
eyfertgalaxies,R

adio
galaxies,LIN

E
R

s,B
lazars.

R
elated

objects:
S

tarburstgalaxies,U
ltra-Lum

inous
Infrared

G
alaxies

(U
LIR

G
s).



U
nified

M
odels

of
A

G
N

U
nified

m
odels

ofA
G

N
.

—
S

M
B

H
,

accretion
disk,

high
density

clouds
on

sm
allest

scales.
—

dusttorus
surrounding

center.
—

radio
jet,low

er
density

clouds
farther

out.
—

orientation
effects

determ
ine

A
G

N
type.

From
P

aolo
P

adovani’s
H

om
e

P
age



E
vidence

for
B

lac
k

H
oles

in
G

alaxies
If

quasars
are

pow
ered

by
black

holes,
w

hat
evidence

is
there

thatlarge
black

holes
exist?

C
an’tsee

the
black

hole;C
A

N
see

its
gravitationalinfluence.

B
asic

m
ethod

—
com

bine
velocity,

,and
size,

B
est

case
for

black
hole

is
center

of
the

M
ilky

W
ay,

.



E
vidence

for
B

lac
k

H
oles

—
M

84

V
elocity

position
dia

gram
,

B
o

w
er

et
al.

1998

*

+

,

.



S
uper

M
assive

B
lac

k
H

oles
in

G
alaxies

P
aradigm

:
m

assive
black

holes
in

allgalactic
nuclei.

—
bulge

lum
inosity

&
correlated

(e.g.
K

orm
endy

and
R

ichstone,1995).
—

–
correlation

(G
ebhardtetal.,2000,F

errarese
&

M
erritt,2000)

C
o-evolution

ofgalaxies
and

black
holes.



S
om

brero
G

alaxy

M
104

im
aged

by
the

V
LT

A
N

T
U

+
F

O
R

S
1,E

uropean
S

outhern
O

bservatory



Q
uasar

B
lac

k
H

ole
M

asses
B

ig
observationalproblem

:
—

nuclear
source

covers
up

hostgalaxy
features.

in
quasars

alm
ostim

possible
to

m
easure.

N
eed

new
bag

oftricks!
—

Try
low

er
lum

inosity
A

G
N

first.
—

from
R

everberation
M

apping
technique.

—
U

se
–

or
–

correlations.



N
G

C
4151

—
S

eyfert
1

B
-band

K
P

N
O

0.9-m
eter



G
alaxy

B
ulg

e
V

elocity
D

ispersion

G
alaxy

bulge
—

centralspheroidalshape.
—

G
aussian

(i.e.
bell-curve)

distribution
ofvelocities.

—
som

e
stars

approaching,som
e

receding.
—

larger
galaxies

have
broader

range
ofvelocities



G
alaxy

B
ulg

e
K

inem
atics

G
alaxy

spectrum
—

m
ix

ofstellar
spectra.

—
redshiftofgalaxy,

,velocity
dispersion,

.



V
elocity

D
ispersions

in
S

eyfert
G

alaxies



V
elocity

D
ispersion

&
B

lac
k

H
ole

M
ass



Q
uasar

N
uclear

S
ubtraction

H
ostgalaxy

recovery
program

(B
arth,etal.

in
prep.)

—
Q

uasar
nucleus

identicalto
an

im
age

ofa
star.

—
Im

age
processing

techniques
quasar

nucleus.

O
riginaland

pointsource
subtracted

im
age

ofP
G

1617



D
rake

R
esearch

on
Q

uasars
and

A
G

N
H

ostgalaxies:
—

B
ulge

lum
inosity

–
correlation.

—
infer

from
hostgalaxy

properties.

E
m

ission
lines:

—
em

ission
lines

produced
by

ionized
gas.

—
gas

and
stars

m
ove

in
sam

e
gravitationalfield.

—
em

ission
line

kinem
atics

as
proxy

for
.



Q
uasars

as
C

osm
ological

P
robes

H
igh

lum
inosities

of
quasars

can
be

seen
at

large
dis-

tances.

Lookback
tim

e
—

see
quasars

as
they

w
ere

in
the

past.

M
ost

distant
quasars

,
look

back
tim

e
of

12
billion

years.

H
ow

have
quasars

changed
overthe

lifetim
e

ofthe
universe?



T
he

Q
uasar

E
poc

h

B
illK

eel’s
W

eb
P

age
http://w

w
w

.astr.ua.edu/keel/agn/qsoevol.htm
l



Q
uasar

E
volution

E
poch

ofQ
uasars

at
:

—
m

ore
efficientfueling

due
to

galaxy
interactions

(?)
—

initialgrow
th

ofquasars
at

.

W
here

are
allofthe

dead
quasars?

—
centers

ofgalaxies.



O
bserving

R
un

at
K

eck
II

O
riginalprogram

:
—

velocity
dispersions,

,in
low

lum
inosity

quasars.
—

S
o

far,even
K

eck
fails

to
m

easure
in

quasars.

S
econdary

program
—

quasar
at

(Fan
et

al.
lanl.arX

iv.org/abs/astro-ph/0301135)
—

m
ost

distant
object

in
the

know
n

U
niverse

(at
the

tim
e,

M
arch

2003).

Look
back

tim
e

age
ofquasar

years
(age

ofthe
U

niverse
is

years).



O
bserving

R
un

at
K

eck
II

Q
uasarspectrum

black
hole

m
ass,elem

entalabundance.
—

F
e/M

g
ratio

sensitive
to

supernova
(S

N
)

type.

—
Type

Ia
S

N
F

e,stars
older

than
a

few
years.

—
Type

IIS
N

M
g,m

assive
young

stars.
—

H
igh

F
e/M

g
ratio

older
stars

present
at

redshift
of

the
quasar.

R
esults:

——
A

bundances
suggests

form
ation

ofquasar
at

!



S
um

m
ary

“M
onsters”

lurk
in

the
centers

ofgalaxies.

W
hen

they
“feed”

they
becom

e
quasars,

the
m

ost
lum

inous
objects

in
the

universe.

Q
uasars

used
to

probe
the

evolution
ofthe

universe.



3C
273

H
ost

G
alaxy

H
S

T
coronographic

im
age

of3C
273

w
ith

nucleus
m

asked.


