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Type 2 quasars (radio quiet)  

·Eluded for decades 

·Selecton from SDSS 
 

· z=0.3-0.83 

 

· S/N>7.5 in 7th br. pixel  

 

· narrow permitted lines 
(2000 km/s)  

 

· high ionization lines 
(ratios)  

· [OIII]/ Hb, [NII]/H a 

 

· ~300 now known 
(Zakamska et al. 2003) 
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QSO 2 



The usefulness of type 2 quasars 

·Strengths 

·Obscuration of the active nucleus  

·More common than type 2 radio-loud quasars (radio 

galaxies) 

·Lack of radio jets simplifies interpretations  

·Open questions we are particularly interested in  

·quasar induced outflows  

·what triggers the nuclear activity  

· the existence and origins of extended emission line regions  

 



Optical imaging and spectroscopy:  

a work in progress 

·VLT FORS2 BB and NB/IB 
images and long-slit spectra  

·9 radio quiet type 2 quasars 
at z=0.3-0.6 

· selected for their 
asymmetrical [OIII] 5007 
velocity profiles  

· usually enhanced blue wing 

·Aim to investigate ionized 
ouflows and AGN triggering 

·Preliminary resultsé 
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F igur e 8. Images and the [OI I I ] ɚɚ4959,5007 line proýle of SDSS J133633.65-003936.4.

Tab le 4. Result s of ýt t ing the [OI I I ] ɚɚ4959,5007 velocity proýle

of SDSS J095044.69+ 011127.2

K inemat ic ɚ5007 æv FW HM F5007

Component (ęA) (km sī1 ) (km sī1 ) (erg sī1 cmī2 )

# 1 7025.6 0 201 1.94 Ĭ10ī20 *

# 2 7018.5 -303 1603 5.84 Ĭ10ī20 *

# 3 7009.8 -675 231 1.40 Ĭ10ī20 *

ɢ2
r ed

= 2.6

Tab le 5. Result s of ýt t ing the [OI I I ] ɚɚ4959,5007 velocity proýle

of SDSS J101403.49+ 024416.4.

K inemat ic ɚ5007 æv FW HM F5007

Component (ęA) (km sī1 ) (km sī1 ) (erg sī1 cmī2 )

# 1 7876.12 0 320 2.34 Ĭ10ī16

# 2 7871.74 -167 1457 3.73 Ĭ10ī16

# 3 7871.03 -194 100 7.01 Ĭ10ī17

# 4 7857.19 -721 279 9.42 Ĭ10ī17

ɢ2
r ed

= 2.6

Tab le 6. Result s of ýt t ing the [OI I I ] ɚɚ4959,5007 velocity proýle

of SDSS J101718.63+ 033108.2.

K inemat ic ɚ5007 æv FW HM F5007

Component (ęA) (km sī1 ) (km sī1 ) (erg sī1 cmī2 )

# 1 7272.83 0 324 5.32 Ĭ10ī20

# 2 7266.16 -275 529 1.22 Ĭ10ī20

ɢ2
r ed

= 1.02

Tab le 7. Result s of ýt t ing the [OI I I ] ɚɚ4959,5007 velocity proýle

of SDSS J124749.79+ 015212.6.

K inemat ic ɚ5007 æv FW HM F5007

Component (ęA) (km sī1 ) (km sī1 ) (erg sī1 cmī2 )

# 1 7155.58 0 100 3.64 Ĭ10ī17

# 2 7143.78 -494 459 1.36 Ĭ10ī16

# 3 7136.20 -812 1275 7.04 Ĭ10ī17

ɢ2
r ed

= 1.1
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Correlations between morphology 

and [OIII] kinematics? 
Cometary, multi -knot ( 3)   Merging, less disturbed, faint tail ( 4) 

Highly blueshifted  component.   Redshifted component (3/ 4) 

Outflows or double nuclei?   Inflow of gas (and outflows)?  



Not all show evidence for 

mergers 

·Unremarkable 
elliptical morphology  

· isolated 

·no tails / knots  

·strong excess in blue 
wing Ą outflow  

·post-starburst optical 
spectrum? (starlight)  

10 Andrew Humphrey et al.

F igur e 8. Images and the [OI I I ] ɚɚ4959,5007 line proýle of SDSS J133633.65-003936.4.

Tab le 4. Result s of ýt t ing the [OI I I ] ɚɚ4959,5007 velocity proýle

of SDSS J095044.69+ 011127.2

K inemat ic ɚ5007 æv FW HM F5007

Component (ęA) (km sī1 ) (km sī1 ) (erg sī1 cmī2 )

# 1 7025.6 0 201 1.94 Ĭ10ī20 *

# 2 7018.5 -303 1603 5.84 Ĭ10ī20 *

# 3 7009.8 -675 231 1.40 Ĭ10ī20 *

ɢ2
r ed

= 2.6

Tab le 5. Result s of ýt t ing the [OI I I ] ɚɚ4959,5007 velocity proýle

of SDSS J101403.49+ 024416.4.

K inemat ic ɚ5007 æv FW HM F5007

Component (ęA) (km sī1 ) (km sī1 ) (erg sī1 cmī2 )

# 1 7876.12 0 320 2.34 Ĭ10ī16

# 2 7871.74 -167 1457 3.73 Ĭ10ī16

# 3 7871.03 -194 100 7.01 Ĭ10ī17

# 4 7857.19 -721 279 9.42 Ĭ10ī17

ɢ2
r ed

= 2.6

Tab le 6. Result s of ýt t ing the [OI I I ] ɚɚ4959,5007 velocity proýle

of SDSS J101718.63+ 033108.2.

K inemat ic ɚ5007 æv FW HM F5007

Component (ęA) (km sī1 ) (km sī1 ) (erg sī1 cmī2 )

# 1 7272.83 0 324 5.32 Ĭ10ī20

# 2 7266.16 -275 529 1.22 Ĭ10ī20

ɢ2
r ed

= 1.02

Tab le 7. Result s of ýt t ing the [OI I I ] ɚɚ4959,5007 velocity proýle

of SDSS J124749.79+ 015212.6.

K inemat ic ɚ5007 æv FW HM F5007

Component (ęA) (km sī1 ) (km sī1 ) (erg sī1 cmī2 )

# 1 7155.58 0 100 3.64 Ĭ10ī17

# 2 7143.78 -494 459 1.36 Ĭ10ī16

# 3 7136.20 -812 1275 7.04 Ĭ10ī17

ɢ2
r ed

= 1.1

c 2013 RAS, M NRAS 000, 1ï??



No blueshifted  absorption lines 

·Low covering factor?  (<0.1) 

· small area or porous? 

·Matter bounded (high -ionization) clouds? 

·Extreme [OIII] / Hb ratios in blue wings of some targets  

 
M 87 

From Tenorio-Tagle et al. ( 1999) 



CO Observations of type 2 quasars 

·CO (1-0) spectroscopy of 10 type 2 quasars at z=0.2-0.3 

· IRAM 30 m (8) and ATCA (2) 

·5 detections (+ 1 tentative detection) gives 50% det. rate 

·LõCO ~ several 109 K km s-1 pc2 
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F igur e 2. CO(1-0) spect ra of the two QSO2 observed with AT CA . Zero velocity as Fig. 1. Flux unit s in mJy beamī1 . Not ice the double

horned line proýle of SDSS J0025-10.

Bert ram et al. 2007, Scoville et al. 2003, Evans et al. 2001,

2006, Pot t et al. 2006).

ï ULIRG QSO1 at z Ḑ0.1-0.3 (blue solid circles, X ia et

al. 2012).

ï ULIRG QSO1 at z Ḑ0.2-1 (blue solid squares,

Combes et al. 2012, 2011).

ï z2 QSO1 (bluecrosses, Wang et al. 2011, 2010, Cop-

pin et al. 2008, K rips et al. 2005, Cox et al. 2002, Carilli

et al. 2002, Walter et al. 2004, Maiolino et al. 2007, Gao

et al. 2007, Riechers et al. 2009a, 2009b, 2006).

ÅQSO2 (green symbols)

ï 10 QSO2 from this work (green solid circles)

ï 10 QSO2 from KNC12 (green solid squares)

Unlike for QSO1, ULIRG-QSO2 are not included be-

cause as we shall see in Ä4.3, the three most luminous

QSO2 have L I R in the LIRG-ULIRG t ransit ion regime.

All other QSO2 at intermediate z have L I R in the LIRG

regime or below.

ï High z QSO2 (green solid t riangles, Pollet ta et al.

2011, MartËēnez-Sansigre et al. 2009, Lacy et al. 2011, Ar-

avena et al. 2008, Yan et al. 2010).

ÅULIRGs(no quasars included) and submm sources with

no obvious evidence for an AGN (red symbols)

ï 0.04 z < 0.2 ULIRGs (red solid diamonds, GraciËa

Carpio et al. 2008). This sample consists of star forming

galaxies and AGN (Seyfert 1, Seyfert 2 and Liners).

ï 0.2 z 0.6 ULIRGs (red solid t riangles, Combes

et al. 2011,2012). This sample consists of star forming

galaxies and AGN (Seyfert 1, Seyfert 2 and Liners).

ïz 2 submm sources with no obvious evidence of an

AGN (Bothwell et al. 2013, Ivison et al. 2011, Daddi et al.

2009, Gao et al. 2007, Weiss et al. 2005, Smail, Smith &

Ivison 2005, Neri et al. 2003, Solomon, Downes & Radford

1992). The luminosit ies have been corrected for magniý-

cat ion in lensed sources.

Åz 0.05 LIRGs from (orange crosses, GarcËēaBurillo et

al. 2012, GraciËa Carpio et al. 2008). The LIRG sample con-

sists of star forming galaxies and AGN (Seyfert 1, Seyfert 2,

Liners), but not quasars.

4.2 C alculat ion of L C O and M H 2

A major part of the result s presented in this paper is based

on the CO(1-0) line luminosit ies L C O and the far infrared

luminosity L F I R measured betweenḐ40-500 Õm rest frame.

To infer them, different methods and observables have been

used for different samples and redshift s. We explain in detail

in this and next sect ion the methodology applied.

L C O in K km sī1 pc2 is calculated as (Solomon & Van-

den Bout 2005):

L C O = 3.25 Ĭ10
7
(

SC O V̫

Jy km/ s
) (

D L

Mpc
)

2
(
ɜr est

GHz
)
ī2

(1 + z)
ī1

where I C O = SC O V̫ is the integrated CO(1-0) line

intensity in Jy km sī1 , D L is the luminosity dist ance in Mpc

(Table 1) and ɜr est = 115.27 GHz, is the rest frame frequency

of the CO(1-0) t ransit ion.

For the non detect ions (i.e. I C O < 3ů), we calculate the

upper limit as (Sage 1990):

I C O < 3 ůn

ã
F W Z I Ĭ v̫ Jy km s

ī1

where v̫= 50 km sī1 is the channel width and ůn is the

channel to channel rms noise of the spect rum in Jy. We have

assumed a typical F W Z I = 870 km sī1 , using the median

value of our F W Z I and KNC12 measurements.

Different CO t ransit ions are observable at different z. In

order to ext rapolat e to theCO(1-0) t ransit ion for all objects,

we haveassumed a constant effect ive brightness temperature

for the different t ranst ions (thus,
L

C O ( J = n + 1Ÿ n )

L
C O ( J = n Ÿ n ī1)

= 1). This is

usually assumed for low z studies, where the gas is likely to

be opt ically thick and thermally excited (e.g. Combes et al.

2012; but see also Papadopoulos et al. 2012). At high z the

uncertaint ies on the CO excitat ion are larger. Some works

suggest that thermal excitat ion is a reasonable assumpt ion

both for quasars (Riechers et al. 2011) and submm sources

(Weiss et al. 2005, Aravena et al. 2008), while others rather

suggest sub-thermal excitat ion (Carilli et al. 2010). I f this

were the case, we would be underest imat ing the L C O by a

??? 
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CO Observations of type 2 quasars 

·Adopting coversion a=0.8 Msol 
(K km s-1 pc2)-1 

· Molecular gas mass ranges from 
< 4 x 108 to 5 x 109 Msun 

· No significant difference to 
type 1 quasars at the same LIR 

· CO is usually narrower than 
[OIII] 5007 (up to factor of 2) 

· different spatial locations of 
molecular and ionized gas 

· gravitational motion (CO) vs. 
outflows ([OIII])  

 

 

Molecular gas in type 2 quasar at zḐ0.2-0.3 11

F igur e 4. L
C O

vs. L F I R (top) for the QSO1 (blue squares) and

QSO2 (green circles) in Fig. 3. Upper limit s have been excluded.

ɖ=
L F I R

L
C O

vs. L F I R only for quasars (middle). L IRGs (orange

crosses) and ULIRGs and high z submm sources (all represented

with red diamonds) are added in the bot tom panel. T he approxi-

mate separat ion between the different infrared luminosity regimes

is indicated with vert ical lines.

t hat F W H M [O I I I ] is in general broader than that of the

stars F W H Mᶻ in a large sample of type 2 AGNs within

a broad [OI I I ] luminosity range (Ḑ 3 orders of magnitud,

including objects with log(L [O I I I ] ) > 8.3 typical of quasars,

see Ä2).

We show in Table 5 F W H M C O (median values) for all

t he samples with available data at z 0.55 , t ogether with

the median values of z and L F I R (not ice that these can

vary relat ive to Table 4, since here we consider sub-samples

with FWHM data and z 0.5). A ll samples show relat ively

similar F W H M m ed
C O , in spite of the dif ference in L F I R . On

the other hand, a t rend is hinted for larger F W H M at the

highest L F I R and smaller F W H M at the lowest L F I R .

F W H M m ed
C O is plot t ed vs. L F I R in Fig. 5 for the in-

dividual sources. The same symbols as in Fig. 3 are used,

except that now all QSO2 (K NC12 and our sample) are

represented with green solid circles. There is no correla-

t ion between F W H M C O and L F I R , but similar t rends as in

Table 5 are hinted. The broadest lines (F W H M m ed
C O > 400

km sī1 ) are in general only in ULIRGs, i.e. in the high

L F I R regime. On the other hand, those objects with the

lowest L F I R ( severalĬ1010L ) t rend to beassociated with

narrower CO lines. QSO2 show a range of line widths in the

same range as LIRGs (they also have similar L F I R ). The dif-

ference might point to the larger incidence of galaxy merg-

ers/ interact ions at the highest L F I R , as suggested by the

fact that all ULIRGs show signatures of st rong interact ions

and mergers (Sanders & Mirabel 1996)

If we focus on the z Ḑ0.1-0.4 range spanned by the

QSO2 sample. The range and median value of F W H M C O

of all 10 QSO2 with available data is similar to that of QSO1

at similar z. In the uniýcat ion scheme of QSO1 and QSO2,

this result suggests that the CO emit t ing gas is not coplanar

with the obscuring torus. I f this was the case, the F W H M

would depend on the inclinat ion and thus the type 1 vs.

type 2 orientat ion (see also K NC12). On the other hand, it

is not clear what role select ion effects are playing, since CO

signals with narrower FWHM are generally easier to detect

for a given L C O and velocity resolut ion.

F W H M C O has been often used as a t racer of dynami-

cal masses in different systems, including quasars (e.g. Both-

ewell et al. 2013). However, theýnding of large reservoirs of

molecular gas shifted spat ially from the quasar nucleus and

associat ed with companion objects or t idal features shows

that this is not always valid (e.g. V illar-MartËēn et al. 2013,

Aravena et al. 2008, Papadopoulos et al. 2008; see also Both-

well et al. 2013 for a discussion). I t is ýrst essent ial to char-

acterize accurately both the kinemat ics and spat ial dist ri-

but ion (size, geomet ry) of the molecular gas.

6 SU M M A RY A N D C ON CL U SI ON S

We present result s of CO(1-0) spect roscopic observat ions of

10 SDSS type 2 quasars at z Ḑ0.2-0.3 observed with the 30m

IRAM radiotelescope and the Aust ralia Telescope Compact

Array. With our work, the total number QSO2 with CO

5 In those cases where only the F W Z I is provided (Bert ram et

al. 2007, Scovil le et al. 2003), the rat io F W Z I / F W H M = 1.9 has

been assumed. For comparison, the QSO1 in X ia et al. (2012)

sample have rat ios in the rangeḐ1.4-2.5 wit h a median value 1.9.

QSO1 

QSO2 
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