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Introduction

K
no

w
ledg

e

quasars
are

rare:
10

4
com

pared
to

field
galaxies

ofequalL
(W

isotzki,K
uhlbrodt,Jahnke

2001)

m
assive

black
holes

(B
H

)
likely

in
allgalaxies

m
asses

ofB
H

connected
to

m
ass

ofsurrounding
galaxy

(M
agorrian

etal.1998)
coupled

evolution
ofB

H
and

hostgalaxy!

short“duty
cycle”

ofquasars

notan
isolated

phenom
enon!

quasar
phase

snapshotofgalaxy
evolution?
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unlop
2002)
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Introduction

m
orphology

–
E

to
S

c/S
B

c,no
Irr

–
sym

m
etric

to
disturbed

for
higher

L:
m

ore
E

,less
interaction

and
com

panions
(e.g.D

unlop
etal.

2001,K
uhlbrodtetal.

2003)

lum
inosities

–
correlation:

bulge
L

to
nuclear

L
(M

cLeod
etal.

1999,M
cLure

etal.2001,2002)
–

lum
inosity

function
(LF

)
com

patible
to

early
type

field
galaxies

(W
isotzki,

K
uhlbrodt,Jahnke

2001)

interaction
trigger

for
activity?/!

supporting
hierarchicalclustering
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Introduction

S
pectral

inform
ation:

a
new

dim
ension

apparentm
orphology

vs.stellar
contentvs.gas

content

spectroscopic
signs

ofpasttidalinteraction

dynam
ics

spectralinform
ation

very
valuable
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C
olour

and
spectroscopic

studies

(m
ulti-)colour

studies

–
expensive

few
studies

–
contradictory

results
(norm

alvs.blue)

spectroscopic
studies

–
expensive

and
difficultdata

treatm
ent

–
larger

studies:
B

oroson
etal.1982–1985,N

olan
etal.2001
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Tw
o

‘spectr
oscopic’

approaches

optical/N
IR

m
ulticolour

broad
band

im
aging

long
spectralbaseline,coarse

data

on-nucleus
spectroscopy

high
resolution,shorter

baseline,expensive,difficultseparation

P
roblem

in
both

cases:
extraction

ofthe
hostgalaxy

flux
S

olution
in

both
cases:

spatialm
odelling

ofhostand
nucleus
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M
ulticolour

im
aging

observe
com

plete
low

-z
quasar

sam
ple

in
B

,V,R
,I,J,H

,K
s

rem
ove

nuclear
lightcontribution

investigate

–
m

orphologies
(lightdistribution,ellipticities,arm

s,asym
m

etries,...)
–

colours
(optical,optical–N

IR
)

–
stellar

populations
(evolution

synthesis
m

odelfits)

com
pare

to
inactive

galaxies
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M
ulticolour

im
aging

S
am

ple
selection

19
quasars,

z
0

2,
selected

from
H

E
S

,
com

plete
from

611
deg

2,
subsam

ple
of

K
öhler

etal.1997

13
7

V

��
��
�

16
8

21
7

M
V

24
9

(H
0

50
km

s
1

M
pc

1,
q

0
0

5,Λ
0)
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M
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M
odelling

results
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M
ulticolour

im
aging

C
olours

B
–V

V
–

R
R

–
I

I–
J

J–
H

H
–

K
V

–
K

E
llipticals

Inactive
0.96

0.61
0.70

0.77
0.71

0.20
2.99

(0.12)
Q

S
O

hostsam
ple

0.52
0.44

0.48
0.67

0.59
0.31

2.48
(0.25)

∆
0.44

0.17
0.22

0.10
0.12

–0.11
0.50

D
isks

(S
b)

Inactive
0.68

0.54
0.63

0.67
0.78

0.25
2.87

(0.36)
Q

S
O

hostsam
ple

0.55
0.53

0.53
0.87

0.57
0.24

2.73
(0.20)

∆
0.13

0.01
0.10

–0.20
0.21

0.01
0.14

K
-corrections:

F
ukugita

etal.1995
(optical),M

annuccietal.2001
(N

IR
)

inactive
colours:

F
ukugita

etal.1995
(optical),F

ioc
&

R
occa-V

olm
erange

1999
(optical-N

IR
,

N
IR

-N
IR

)
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M
ulticolour

im
aging

S
tellar

population
m

odels

S
S

P
m

odelfam
ily

by
B

ruzual&
C

harlot1996

–
S

calo
IM

F
–

solar
m

etallicity
–

but:
generalresults

notdepending
on

choice
ofm

odel!
–

0.1,0.7,2,6,14
G

yr
+

continuous
star

form
ation

m
odel(C

S
F

)

1
S

S
P

fit:
age

free

2
S

S
P

fit:
0.1

G
yr

fixed,second
age

free,relative
m

ixing
free

χ
2

m
inim

isation
fitting

to
6/7

data
points
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M
ulticolour

im
aging

M
odel

fitting
results

objects
w

ith
B

m
issing

notreliable

1
S

S
P

:

–
very

sim
ilar

for
disks

and
ellipticals

–
only

1
objecteach

preferring
6

G
yr,none

14
G

yr

0.1
G

yr
+

1
S

S
P

:

–
allconsistentw

ith
2

G
yr

and
C

S
F

–
2%

of0.1
G

yr
required

by
only

2
disks

interm
ediately

young
populations,also

for
E

;evolved
populations

ruled
out

consistentw
ith

V
K

colours
alone
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M
ulticolour

im
aging

M
ulticolour

im
a

ging:
sum

m
ar

y

disks
and

ellipticals
found

w
ide

range
ofm

orphologies
and

asym
m

etries

M

��
�

M

��
�� correlation

confirm
ed

disks:
largely

norm
al,slightly

bluer
than

inactive
S

b

ellipticals:

–
as

blue
as

late
type

disks
–

S
S

P
m

odelfitting
consistentw

ith
C

S
F

or
2

G
yr

population
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y

O
n-n

ucleus
spectroscop

y

technique
so

far:

–
off-nucleus

spectroscopy,
r

3
avoiding

nucleus
plus

rem
oval

of
nuclear

residuals

draw
backs:

–
controlofnuclear

residuals
difficult

–
sam

pling
far

outside
nuclear

region
potentially

boring

w
anted:

on-nucleus
spectroscopy

–
problem

:
very

high
contrastnucleus–host

–
solution:

spatial
m

odelling,sim
ilar

to
im

aging
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0054+
144 (R

Q
Q

) W
H

T
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ughes

etal.2000,H
utchings

&
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ram
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1990)
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technique
so

far:

–
off-nucleus

spectroscopy,
r

3
avoiding

nucleus
plus

rem
oval

of
nuclear

residuals

draw
backs:

–
controlofnuclear

residuals
difficult

–
sam

pling
far

outside
nuclear

region
potentially

boring

w
anted:

on-nucleus
spectroscopy

–
problem

:
very

high
contrastnucleus–host

–
solution:

spatial
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ilar

to
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very
im

portant:
use

allinform
ation

available

–
m

orphologicalparam
eter

inputfrom
im

aging
–

slow
w

avelength
dependence

ofparam
eters

P
S

F
:analyticalm

odelplus
em

piricalcorrection

host:
exponentialdisk

or
de

V
aucouleurs

spheroidal

reduction
ofparam

eters
in

successive
steps

finalstep:
nuclear

and
hostflux

only
free

param
eters

2d
nuclear

spectrum
m

odel
2d

hostgalaxy
spectrum
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Q
uality

of
fit

dia
gnostics

resulting
spectra

should
be

positive

no
forbidden

lines
in

absorption

broad
em

ission
lines

notin
absorption

shape
ofresidual(=

quasar–nucleus–host)

broad
band

colours
need

to
be

reconstructable

com
paring

differentP
S

F
stars

com
paring

differentim
ages
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T
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“E
F
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C
sam

ple”

8
objectsubsam

ple
ofm

ulticolour
sam

ple

E
S

O
3.6m

w
ith

E
F

O
S

C
:

–
w

avelength
range:

3800–8000
Å

–
resolution:

250
–

0.314
/pixel

–
integration

tim
e:

1200–4800
s

m
orphologicalparam

eters
existing
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T
he

“F
O

R
S

sam
ple”

10
(total20)

objects
from

H
E

S
,

z
0

33,
M

B
24

C
ollaboration

w
ith

F.C
ourbin

etal.
(Liége)

V
LT

A
ntu

w
ith

F
O

R
S

1,M
O

S
:

–
w

avelength
range:

3800–9000
Å

(3
grism

s)
–

resolution:
700

–
0.2

/pixel
–

integration
tim

e:
1200–2400

s

m
orphologicalparam

eter:
B

.K
uhlbrodt,L.W

isotzki
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odelling

results
E

F
O

S
C

E
F

O
S

C
:H

E
0952–1552,extracted

spectra:
total,nucleus,host,residual
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E
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spectrum
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C
om

parison
to

broad
band

colour
s

and
m

odels

H
E

0952–1552:
100%

2
G

yr
(disk)

T
he

S
E

D
s

ofquasar
hostgalaxies



H
E

1201–2409:
100%

2
G

yr
(elliptical)

T
he

S
E

D
s

ofquasar
hostgalaxies



M
odelling

results
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E
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:

total,nucleus,host,residual
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C
om

parison
to

m
odels

H
E

1503+
0228:

100%
C

S
F

vs.97.5%
C

S
F

+
2.5%

0.1
G

yr
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H
E

1009–0702:
53%

0.7
G

yr
+

47%
1

G
yr

(elliptical!)
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M
odelling

results

E
F

O
S

C

–
successful:

3
–

successful(after
m

odification):
4

–
S

/N
too

low
:

1

F
O

R
S

–
successful:

2
–

successful(after
m

odification):
5

–
S

/N
too

low
:

3

T
he

S
E

D
s

ofquasar
hostgalaxies



R
otation:

em
ission

lines

S SG CC
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R
otation

E
F

O
S

C

–
gas

rotation
for

2
disks,1

elliptical
–

clearly
no

gas
rotation

for
1

elliptical
–

stellar
rotation

for
2

disks
–

clearly
no

stellar
rotation

for
1

elliptical

rotation
velocities

–
gas:

200–470
km

/s
(observed)

–
stars:

215–325
km

/s
(observed)
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R
otation

F
O

R
S

–
gas

rotation
for

7
of8

(ofthese
3

ellipticals)
–

clearly
no

gas
rotation

for
1

elliptical
–

stellar
rotation

for
2

disks
–

clearly
no

stellar
rotation

for
1

elliptical

rotation
velocities

–
gas:

75–180
km

/s
(observed)

–
stars:

40–150
km

/s
(observed)

spatially
resolved

for
4

objects
rotation

curves
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Line
ratios

determ
ine

ionisation
source,hotstars

vs.A
G

N
(V

eilleux
&

O
sterbrock

1987):

–
[O

III]5007/H
β

vs.[N
II]6583/H

α
–

[O
III]5007/H

β
vs.[S

II](6716+
6731)/H

α
–

[O
III]5007/H

β
vs.[O

I]6300/H
α

tem
perature:

[O
III](4959+

5007)/4363

electron
densities:

[S
II]6716/6731
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O
n-n

ucleus
spectroscop

y:
sum

m
ar

y

separation
w

orking,m
ulticolour

im
aging

fluxes
reproduced

spatialresolution
achievable

em
ission

and
absorption

lines
detectable

quality
depending

on
P

S
F

quality,S
/N

,nucleus-to-hostratio
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O
n-n

ucleus
spectroscop

y:
sum

m
ar

y

disks:

–
no

signs
ofstrong

starbursts
–

gas
ionised

by
hotstars

and/or
nucleus

–
in

totalvery
sim

ilar
to

inactive
spirals

ellipticals:

–
young

populations
consistentw

ith
m

ulticolour
im

aging
–

no
signs

ofold
evolved

populations
–

excluded:
only

added
starburst

–
(m

assive)
rotating

gas
disks

in
severalobjects

–
ionised

by
nucleus
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S
o

w
hatcould

this
m

ean?
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D
iscussion

N
olan

etal.2001:

–
higher

lum
inosity

quasars
–

only
ellipticals

w
ith

red,evolved
population

–
w

eak
or

absentgas
em

ission
–

no
bias

from
off-nucleus

position
expected

B
oroson

etal.1985:

–
lum

inous
quasars:

red
spectra

+
w

eak
gas

lines
orblue

spectra
+

strong
gas

lines
–

less
lum

inous
quasars:

w
eak

or
strong

gas
lines

contradictory
results?
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D
iscussion

P
roposal:

scenario
supporting/supported

by
hierarchicalm

erging

interm
ediately

lum
inous

(L
2L

)
ellipticalhostgalaxies:

–
created

in
m

ajor
m

erger
oftw

o
disks

–
m

erger
induces

nuclear
activity

–
dynam

ically
transform

ed
in

m
erger

ellipticalm
orphology

–
stellar

populations
as

in
progenitor

galaxies
colours,spectra

–
(re-)creation

ofgas
disk

after
m

erger?
tim

escale
problem

?
–

surface
density

ofgas
disk

low
no

strong
starburst

–
passive

evolution
to

“red”
ellipticalw

ithin
1

G
yr
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D
iscussion

lum
inous

ellipticalhostgalaxies:

–
activity

created
by

m
inor

m
erger

–
m

ore
m

assive
later

in
m

ass
evolution

disk
hostgalaxies:

–
activity

created
by

m
inor

m
erger

events
distortions,com

panions
–

(slightly)
enhanced

S
F

R

directsign
for

hierarchicalclustering?
creation

oflum
inous

ellipticals
caughtin

the
act?
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D
iscussion

O
pen

questions

specialinitialconditions
required

for
m

erger?
gas

disk
creation

w
hathappens

w
ith

otherm
erger

geom
etries?

U
LIR

G
s?

radio
galaxies?

w
hy

is
the

gas/ionisation
geom

etry
so

differentin
disks

and
ellipticals?

obscuring
m

aterialclose
to

nucleus?
the

dusttorus
itself?
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O
utlook

techniques:
–

m
ore

detailed
em

ission
line

m
odelling

–
im

proved
P

S
F

determ
ination

–
extention

to
integralfield

spectroscopy
data

–
absorption

line
diagnostics

ages/m
etallicities/dust

–
velocity

dispersions
centralm

asses

m
ore

data:
–

second
halfofF

O
R
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