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BACKGROUND
➤ AGNs play an important role in galaxy evolution:  

➤ AGN feedback 
➤ BH-bulge mass relation 

➤ How AGNs were triggered? 
➤ Less luminous AGNs (Lbol ≤ 1045 erg s-1) are explained by secular processes. 
➤ What about luminous AGNs (Lbol > 1045 erg s-1, quasars)?

Kormendy & Ho (2003)Cattaneo et al. (2009)
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Figure 6: Schematic diagram to illustrate the main components in the major-merger evolutionary scenario first proposed by Sanders et al. (1988).

1998; Bower et al., 2006; Genzel et al., 2008; Bour-
naud et al., 2011). Support for major-merger driven
quasar activity comes from (1) the large fraction of sys-
tems with disturbed morphologies (see §3.3.2), and (2)
the good agreement between predictions for the merger
rates from dark matter simulations (for adopted empiri-
cal prescriptions the quasar fueling) and the spatial clus-
tering and space densities of distant quasars (e.g., Hop-
kins et al., 2008; Treister et al., 2010a).

While mergers are favoured by a number of mod-
els (e.g., Kau↵mann & Haehnelt, 2000; Springel et al.,
2005b; Hopkins et al., 2006b; Sijacki et al., 2007; Di
Matteo et al., 2008), any quasar triggering mechanism
requires relatively massive systems with large supplies
of cold gas, which are generally found in dark matter ha-
los with Mhalo ⇠ 1012–1013 M

�

(Croton Figure 4 2009;
see also Fig. 5), just below the “maximal quenching”
mass scales. Spatial clustering and environment mea-
surements of quasars (e.g., Ross et al., 2009; Lietzen
et al., 2009; Hickox et al., 2011; Carrera et al., 2011)
suggest that quasars do indeed reside in halos of these
masses at every redshift (as discussed in §3.4 and shown
in Fig. 5). This implies that at high redshift, quasars are
found in the largest collapsed system in the Universe
(and are the progenitors of today’s most massive early-
type galaxies) while in the local Universe quasars are
found in much more typical galaxy environments. Thus
the mass of the dark matter halo may itself be the key
parameter in understanding the fuelling of quasars.

The rapid flow of cold gas that is necessary to fuel a
quasar will inevitably be expected to also result in high
rates of star formation (as discussed in § 2.1–2.2). Ro-
bust evidence for links between powerful starbursts and
quasars come from studies of local powerful IR galaxies
(LIR > 5⇥1011 L

�

). The vast majority of such objects in
the local Universe are major mergers of galaxies, with
higher luminosities found during late stages when the
galaxies are at small separations (e.g., Clements et al.,
1996; Ishida, 2004). At higher LIR the fraction of the lu-
minosity from the AGN increases, and the large masses
of nuclear gas and dust ensure that much of the BH

growth is observed to be heavily obscured (e.g., Tran
et al., 2001; Yuan et al., 2010; Iwasawa et al., 2011;
Petric et al., 2011b). The local results are broadly con-
sistent with models in which mergers fuel a rapid star-
burst and a phase of obscured BH growth, followed by
an unobscured phase after the gas is consumed or ex-
pelled from the galaxy by stellar or quasar feedback
(e.g., Sanders et al., 1988; Di Matteo et al., 2005; Hop-
kins et al., 2008); see Fig. 6. However, powerful star-
bursts are rare in the local Universe, compared to higher
redshift where they dominate the star formation density
(e.g., Le Floc’h et al., 2005; Rodighiero et al., 2010b). A
key question, then, is whether a similar starburst-quasar
scenario is the dominant process at high redshift, during
the peak epoch of quasar activity where the largest BHs
accreted most of their mass. Testing this picture is the
subject of a number of recent studies.

One approach is to select high-redshift starburst
galaxies based on their IR or submmilimeter emission,
and study the growth of BHs in these systems. Use-
ful observational tools are X-ray observations and mid-
IR spectroscopy, which can distinguish between dust
heated by star formation and the AGN. The most pow-
erful starbursts at high redshift, submillimeter galaxies
(SMGs), have gas kinematics and morphologies that are
characteristic of mergers (e.g., Tacconi et al., 2008; En-
gel et al., 2010; Riechers et al., 2011). A high frac-
tion of these objects also host AGN (e.g., Alexander
et al., 2003a, 2005; Laird et al., 2010), but they gen-
erally have Spitzer IRS mid-IR spectra that are domi-
nated by star formation as indicated by luminous PAH
emission features (e.g., Valiante et al., 2007; Pope et al.,
2008; Coppin et al., 2010). Only 15% of SMGs are
dominated in the mid-IR by steep AGN continua, and
even these powerful AGN generally do not produce the
bulk of the bolometric output, which is dominated at
longer wavelengths by the cool dust from star forma-
tion (as also found for star-forming galaxies detected at
70 µm; Symeonidis et al. 2010). However, the presence
of powerful AGN in some starbursts is consistent with
a “transition” phase between powerful star formation
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BACKGROUND
➤ Type 1 and type 2 quasars 

➤ Gas-rich major merging scenario:  
➤ obscured type 2 quasars evolve to unobscured type 1 

quasars;  
➤ different properties would be observed in their host 

galaxies. 

➤ No consistent evidence in observations using quasars with 
various selections (e.g., radio, X-ray, optical). 

➤ No discussion on the merger triggering scenario in local 
universe.
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FIG. 1.— An schematic outline of the phases of growth in a “typical” galaxy undergoing a gas-rich major merger. Image Credit: (a) NOAO/AURA/NSF; (b) REU program/NOAO/AURA/NSF; (c)
NASA/STScI/ACS Science Team; (d) Optical (left): NASA/STScI/R. P. van der Marel & J. Gerssen; X-ray (right): NASA/CXC/MPE/S. Komossa et al.; (e) Left: J. Bahcall/M. Disney/NASA; Right: Gem-
ini Observatory/NSF/University of Hawaii Institute for Astronomy; (f) J. Bahcall/M. Disney/NASA; (g) F. Schweizer (CIW/DTM); (h) NOAO/AURA/NSF.
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MOTIVATION
➤ What are the stellar properties of host galaxies of type 1 and type 2 quasars? 

➤ Studying morphologies, structures, colors and stellar masses of host galaxies 

➤ Is there an evolutionary link between the host galaxies of type 1 and type 2 
quasars? 

➤ Comparing properties of host galaxies of type 1 and type 2 quasars 

➤ Is major merger a prominent mechanism to trigger local luminous AGNs?



SAMPLE AND DATA
➤ 35 type 1 quasars randomly selected from UV-

selected PG quasars (Schmidt & Green 1983). 

➤ 29 type 2 quasars are selected from parent catalogue 
of Reyes et al. (2008) which identified 887 type 2 
quasars from optical SDSS sample. 

➤ High-quality images taken with HST using WFC3 
UVIS and NIR bands (PI: Luis Ho, snapshot mode). 

➤ WFC3 images allow us to study morphologies and 
structures of quasar host galaxies in great detail. 

➤ Data of HST two bands allow us to measure colors 
and stellar masses of the host galaxies of quasars.
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Figure 5. Same as Fig 2

SDSSPG 1322+659 
z=0.168 
F105W

type 1

SDSS

type 2

Type 1 :87	PG	QSOs		(z≤	0.5)	
(Boroson&	Green	1992)
1) Bright	nearby	quasars
2) UV-selected,	well-studied
3) Lots	of	archive	HST	images		

Sample	&	Data

HST:	Snapshot	mode	(1/3	access	rate)
WFC3:	35	T1

Zhao	et	al.	in	prep.



➤ Four morphology types: 

1. merging or disturbed morphologies

MORPHOLOGY CLASSIFICATION
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Figure 2. Same as Fig 2
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Figure 4. Same as Fig 2
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Figure 6. Same as Fig 2
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Figure 6. Same as Fig 2
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2. late-type galaxies: 

• bar spirals  
• pure spirals

MORPHOLOGY CLASSIFICATION
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Figure 1. GALFIT decomposition for the targets. From left to right shows the 1D profile, 2D image of original data, best-fit model for the host
(the AGN is excluded to better highlight the host) and residuals images are displayed. The 1D azimuthally averaged profile shows the original
data (black dots), the best fit (violet solid line), and the subcomponents (PSF in dark blue dot-dashed line, bulge in red dashed lines and disk in
blue dot-dashed line). The units of the images are in arcseconds. All images are on an asinh stretch.
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Figure 2. Same as Fig 2
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Figure 4. Same as Fig 2
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Figure 1. GALFIT decomposition for the targets. From left to right shows the 1D profile, 2D image of original data, best-fit model for the host
(the AGN is excluded to better highlight the host) and residuals images are displayed. The 1D azimuthally averaged profile shows the original
data (black dots), the best fit (violet solid line), and the subcomponents (PSF in dark blue dot-dashed line, bulge in red dashed lines and disk in
blue dot-dashed line). The units of the images are in arcseconds. All images are on an asinh stretch.
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Figure 5. Same as Fig 2
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3. lenticular galaxies

4. elliptical galaxies

MORPHOLOGY CLASSIFICATION

   

   

25

19

13

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 
   PG 0050+124

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−20 −10 0 10 20

−20

−10

0

10

20
Data N

E

−20 −10 0 10 20

 

 

 

 

 
Model

−20 −10 0 10 20

 

 

 

 

 
Residuals

   

   

27

21

15

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 
   PG 0052+251

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−20 −10 0 10 20

−20

−10

0

10

20 Data

N

E

−20 −10 0 10 20

 

 

 

 

 Model

−20 −10 0 10 20

 

 

 

 

 Residuals

   

   

28

22

16

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 

   PG 0804+761

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−20 −10 0 10 20

−20

−10

0

10

20
Data N

E

−20 −10 0 10 20

 

 

 

 

 
Model

−20 −10 0 10 20

 

 

 

 

 
Residuals

   

   

22

16

µ
(m

ag
 a

rc
se

c−
2
)

 

 

   PG 0923+129

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−15 −10 −5 0 5 10 15

−15

−10

−5

0

5

10

15 Data

N

E

−15 −10 −5 0 5 10 15

 

 

 

 

 

 

 Model

−15 −10 −5 0 5 10 15

 

 

 

 

 

 

 Residuals

   

   

25

19

13

µ
(m

ag
 a

rc
se

c−
2
)

 

 

    PG 0934+013

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−15 −10 −5 0 5 10 15

−15

−10

−5

0

5

10

15 Data
N

E

−15 −10 −5 0 5 10 15

 

 

 

 

 

 

 Model

−15 −10 −5 0 5 10 15

 

 

 

 

 

 

 Residuals

Figure 1. GALFIT decomposition for the targets. From left to right shows the 1D profile, 2D image of original data, best-fit model for the host
(the AGN is excluded to better highlight the host) and residuals images are displayed. The 1D azimuthally averaged profile shows the original
data (black dots), the best fit (violet solid line), and the subcomponents (PSF in dark blue dot-dashed line, bulge in red dashed lines and disk in
blue dot-dashed line). The units of the images are in arcseconds. All images are on an asinh stretch.
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Figure 3. Same as Fig 2

PG 0923+129 
z=0.02915 
F814W

PG 1149-110 
z=0.04900 
F814W

type 1 type 2

type 2   

   

27

21

15

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 
   PG 1100+772

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−20 −10 0 10 20

−20

−10

0

10

20 Data N

E

−20 −10 0 10 20

 

 

 

 

 Model

−20 −10 0 10 20

 

 

 

 

 Residuals

   

   

26

20

14

µ
(m

ag
 a

rc
se

c−
2
)

 

 

    PG 1103−006

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−20 −10 0 10 20

−20

−10

0

10

20 Data N

E

−20 −10 0 10 20

 

 

 

 

 Model

−20 −10 0 10 20

 

 

 

 

 Residuals

   

   

31

25

19

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 

   PG 1114+445

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−20 −10 0 10 20

−20

−10

0

10

20 Data N
E

−20 −10 0 10 20

 

 

 

 

 Model

−20 −10 0 10 20

 

 

 

 

 Residuals

   

   

25

19

13

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 
   PG 1119+120

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−15 −10 −5 0 5 10 15

−15

−10

−5

0

5

10

15 Data N

E

−15 −10 −5 0 5 10 15

 

 

 

 

 

 

 Model

−15 −10 −5 0 5 10 15

 

 

 

 

 

 

 Residuals

   

   

22

16

µ
(m

ag
 a

rc
se

c−
2
)

 

 

   PG 1149−110

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−15 −10 −5 0 5 10 15

−15

−10

−5

0

5

10

15 Data
N

E

−15 −10 −5 0 5 10 15

 

 

 

 

 

 

 Model

−15 −10 −5 0 5 10 15

 

 

 

 

 

 

 Residuals

Figure 3. Same as Fig 2
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Figure 7. Same as Fig 2
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➤Galaxy decomposition by GALFIT using WFC3 images of IR filter. 

➤Detail components: AGN nucleus, bulge, disk, bar, spiral arms, inner lens 

➤Magnitude of WFC3 UVIS band is measured by the best-fit model of IR band

STRUCTURE MEASUREMENT

   

   

29

23

17

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 

   PG 1302−102

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−20 −10 0 10 20

−20

−10

0

10

20 Data N

E

−20 −10 0 10 20

 

 

 

 

 Model

−20 −10 0 10 20

 

 

 

 

 Residuals

  

  

28

22

16

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 
   PG 1322+659

0.1 1.0
Radius (arcsec)

  

−1
0
1

R
es

.

  
 

−10 −5 0 5 10

−10

−5

0

5

10
Data

N

E

−10 −5 0 5 10

 

 

 

 

 
Model

−10 −5 0 5 10

 

 

 

 

 
Residuals

   

   

28

22

16

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 
   PG 1351+640

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−20 −10 0 10 20

−20

−10

0

10

20
Data

N

E

−20 −10 0 10 20

 

 

 

 

 
Model

−20 −10 0 10 20

 

 

 

 

 
Residuals

  

  

27

21

15

µ
(m

ag
 a

rc
se

c−
2
)

 

 

    PG 1354+213

0.1 1.0
Radius (arcsec)

  

−1
0
1

R
es

.

  
 

−15−10 −5 0 5 10 15

−15

−10

−5

0

5

10

15 Data

N

E

−15−10 −5 0 5 10 15

 

 

 

 

 

 

 Model

−15−10 −5 0 5 10 15

 

 

 

 

 

 

 Residuals

   

   

27

21

15

µ
(m

ag
 a

rc
se

c−
2
)

 

 

 
   PG 1444+407

0.1 1.0 10.0
Radius (arcsec)

   

−1
0
1

R
es

.

  
 

−20 −10 0 10 20

−20

−10

0

10

20
Data NE

−20 −10 0 10 20

 

 

 

 

 
Model

−20 −10 0 10 20

 

 

 

 

 
Residuals

Figure 5. Same as Fig 2
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Figure 1. GALFIT decomposition for the targets. From left to right shows the 1D profile, 2D image of original data, best-fit model for the host
(the AGN is excluded to better highlight the host) and residuals images are displayed. The 1D azimuthally averaged profile shows the original
data (black dots), the best fit (violet solid line), and the subcomponents (PSF in dark blue dot-dashed line, bulge in red dashed lines and disk in
blue dot-dashed line). The units of the images are in arcseconds. All images are on an asinh stretch.
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➤ Bar component is 
essential to 
obtain accurate 
bulge properties.
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Figure 5. Comparison of the best-fit parameters of bulge from different models for one bar spiral host galaxy to show the effect of bar and AGN nucleus component. Left panel illustrates
the best-fit profile for this galaxy from GALFIT including both bar and nucleus component. Structure is well modelled, and parameters have reasonable values. Middle panel shows
the results from model without bar component, of which Sérsic index of n = 8.0 is unreasonable and Re and magnitude of bulge are overestimated. When fit is without AGN nucleus
component as shown in the right panel, the resulted Sérsic index of bulge is too large to be consistent with the general value of late-type galaxies. Therefore, bar and nucleus component
is essential to obtained reasonable structural parameters in 2-D profile fits.
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➤ Stellar mass is estimated by M/L ratio of Bell et al. (2001):

➤ K-correction is conducted using BC03 stellar population whose age is derived from 
observed (b-i) color.

STELLAR MASS ESTIMATION
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Figure 6 (Cont.). Color maps and color profiles of host galaxies in pure spiral morphology.

Figure 6 (Cont.). Color maps and color profiles of host galaxies in lenticular morphology.

avoid strong emission lines, measured apparent magnitude
can be still contaminated by moderate-strength emission
lines. For each quasar, we examine how much difference of
magnitude is introduced by emission lines by adding main
emission lines on its stellar continuum and comparing the
magnitude measured from this spectrum with the one mea-
sured from the pure stellar spectrum. We then remove the
emission line contamination from the best-fit magnitude,
and obtain the final observed total stellar magnitude of host
galaxy which is believed the radiation only from stellar com-
ponents. In the end, the final observed total stellar magni-
tude of IWFC3 and BWFC3 band are converted to absolute
magnitude of I and B band, respectively. The rest-frame
(B − I) color is the magnitude difference between B band
and I band.

Using I band absolute magnitude (MI) and (B−I) color
in rest-frame, we estimate the stellar masses with Kroupa
IMF based on the empirical relation of stellar M/L ratio
provided by Bell et al. (2001):

log10

(
M∗

M⊙

)
= −0.4(MI−MI,⊙)−0.394+0.439(B−I)+0.3,

(1)

where M∗ is the stellar mass in solar units and MI,⊙ = 4.08
is the absolute magnitude of the Sun in the I band (Binney
& Merrifield 1998). Errors on the stellar masses by M/L
ratio are expected to be ∼ 0.1 dex and are dominated by
uncertainties in stellar evolution such like galaxy age and
bursts of star formation (Bell et al 2003; Conroy et al. 2009).

There are 19/29 of our type 2 quasar have stellar
masses from “The MPA-JHU DR7 release of spectrum mea-
surements” (see www.mpa-garching.mpg.de/SDSS/DR7/).
Hereafter we call these ”DR7 masses”. These DR7 masses
are obtained via spectral energy distribution (SED) fits to
the DR7 photometric data with correcting emission line ef-
fects. A detailed discussion of their methods can be found
in www.mpa-garching.mpg.de/SDSS/DR7/mass comp. We
find that our estimated stellar masses for host galaxies are
well consistent with DR7 masses with difference within ∼ 0.1
dex, suggesting our stellar mass estimation is reasonable.
The total stellar masses with Kroupa IMF of host galaxies
of type 2 quasars are shown in Table 3. Moreover, we demon-
strate that the emission lines have little effect (! 0.1 dex) on
our estimated stellar mass. This is reasonable because the

c⃝ 2014 RAS, MNRAS 000, 1–21



COLOR MAP CREATION
➤ B-I color map is created by using WFC3 UVIS and IR images. 

➤ Color vs. radius shows the color information of different region of quasars host 
galaxies.



RESULTS: MORPHOLOGIES
➤ Type 1 quasars: 

➤ 17% in host galaxies of merging/disturbed morphologies; 
➤ Type 2 quasars: 

➤ 35% in host galaxies of merging/disturbed morphologies;

➤ Type 1 quasars: 
➤ 46% in disk host galaxies (i.e., lenticular, bar spiral, and pure spiral); 
➤ 40% in late-type host galaxies (i.e., bar spiral and pure spiral). 

➤ Type 2 quasars: 
➤ 55% in disk host galaxies with regular morphology; 
➤ 38% in late-type host galaxies.



RESULTS: BULGE STRUCTURES
➤ Bulges of type 1 quasars have similar 

Sersic index and B/T with bulges of 
type 2 quasars. 

➤ Host galaxies in merging/disturbed, 
elliptical and lenticular have classical 
bulges. 

➤ Host galaxies in late-type morphologies 
(i.e., bar spiral or pure spiral) possess 
less massive pseudo-bulges.



RESULTS: KORMENDY RELATION
➤ Bulges of type 1 quasars have similar size and 

surface brightness with bulges of type 2 quasars. 

➤ Pseudo-bulges of both type 1 and type 2 quasars 
have high surface brightness distributing closely 
around the Kormendy relation for the classical 
bulges.

type1

type2



RESULTS: COLORS

➤ Color maps and color profiles show clearly 
the existence of younger stellar populations 
within/around the central regions of host 
galaxies while the outer regions are much 
redder. 

➤ It implies possible association between star 
formation and AGN activities. 

➤ Type 1 and type 2 quasars have bulges of 
similar colors.



DISCUSSIONS
➤ Major merger do trigger the nearby luminous 

AGNs, but it is not the primary triggering 
mechanism in local universe. 

➤ Features of our major-merger host galaxies 
suggest various phases of merging process, 
from early phase to intermediate and late phase 
of mergers, suggesting that AGN activity could 
be ignited in any period of merging. 

Merger Rate

6/35 = 17.14%



DISCUSSIONS
➤ 16/35 (46%) of type 1 quasars and 16/29 

(55%) of type 2 quasars are regular disk 
galaxies, in which majorities are bar spiral 
galaxies and lenticular galaxies. 

➤ What are the mechanisms to trigger quasars 
which are hosted by regular-shape galaxies? 
➤ inner bar? 
➤ inner lens?



TAKE HOME MESSAGES
➤ Type 1 quasars are not distinguished from type 2 quasars. Merging scenario is not 

supported in local universe. 

➤ Less than 35% of local type 1 & type 2 quasars are in merging or disturbed phase, 
with massive classical bulges. Major merger is not the dominant mechanism to 
trigger local luminous AGNs. 

➤ Host galaxies in late-type morphologies have high-surface-brightness pseudo-
bulges. They show a bluer central region than outer areas indicating the existence 
of young populations and implying star formation associating with AGN activities.  

➤ A large fraction of type 1 and type 2 quasars being hosted by regular disk galaxies 
which challenges the current theories. It seems that (inner) bar and inner lens 
might be the important structures to induce some specific mechanisms to be able 
to trigger high-luminosity AGNs.
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