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“QSOs” “Radio Galaxies”



Molecular Gas as a fuel for AGN Molecular Gas as a fuel for AGN 
activityactivity

GasGas--rich, IRASrich, IRAS--luminous luminous 
mergers as host galaxies of mergers as host galaxies of 
many many QSOsQSOs & Radio & Radio 
Galaxies Galaxies (e.g. Stockton & (e.g. Stockton & 
MacKentyMacKenty 1984; Heckman et 1984; Heckman et 
al. 1986)al. 1986)

Putative evolutionary Putative evolutionary 
connection between connection between 
UltraluminousUltraluminous Infrared Infrared 
Galaxies (Galaxies (LLIRIR > 10> 101212 LLsunsun) ) 
and and QSOsQSOs (Sanders et al. (Sanders et al. 
1988a,b)1988a,b)

?



MMBH BH ~ ~ MMbulgebulge, , MMBHBH ~ ~ σσ44--5                                                               5                                                               

Mass accretion onto a center black hole is an important Mass accretion onto a center black hole is an important 
part of galaxy evolution part of galaxy evolution ((MagorrianMagorrian et al. 1998; et al. 1998; FerraraseFerrarase
et al. 2000; et al. 2000; GebhardtGebhardt et al. 2000)et al. 2000)



Selection CriteriaSelection Criteria

PG PG QSOsQSOs with            with            
LLIRIR / / LL0.10.1--11µµmm > 0.46 > 0.46 
((SuraceSurace et al. 2001)et al. 2001)..
z < 0.16z < 0.16
MMBB < < --22.022.0
Total of 17 objectsTotal of 17 objects

Note: For PG Note: For PG QSOsQSOs,  ,  
LLIRIR = (0.2= (0.2--0.4)0.4)LLbolbol

IRASIRAS--detected radio detected radio 
galaxies in galaxies in GolombekGolombek et et 
al. 1988al. 1988 with                 with                 
ff6060 or or ff100100 > 0.3 > 0.3 JyJy..
z < 0.2z < 0.2
Total of 33 objectsTotal of 33 objects

QSOs Radio Galaxies



QSO Host GalaxiesQSO Host Galaxies

• 50% Spiral-like hosts with & without bars
• 25% Clear major mergers
• 25% Featureless/Elliptical-like galaxies

(Surace, Sanders & Evans 2001)

PG 0007+106

PG 0838+770PG 2130+099

PG 1613+658 IZw1

PG 1119+120

PG 1229+204

PG 1411+442

BI Images



Radio Galaxies Radio Galaxies –– An Analysis in ProgressAn Analysis in Progress

• 30% Elliptical-like
• 50% mergers/galaxies 
with close companion

• 20% ??

UBI Images



ObservationsObservations

Two transits per sourceTwo transits per source
4” beam4” beam
Detection Limit of           Detection Limit of           
SSCOCO (3(3σσ rmsrms) = 8 ) = 8 mJymJy with     with     
280 km s280 km s--11 smoothingsmoothing
I.e., M(HI.e., M(H22) = 10) = 1099 MMsunsun at      at      
z = 0.1z = 0.1

1010--40 hours per source40 hours per source
Detection limit                     Detection limit                     
LL’’COCO (3(3σσ rmsrms) ~ 6x10) ~ 6x1088 K km sK km s--11

pcpc22 for 250 km sfor 250 km s--11 lineline

QSOs Radio Galaxies



Previous CO detections of Previous CO detections of QSOsQSOs

(Sanders et al. 1988; Barvainis et al. 1989; Alloin et al. 1992)



Molecular Gas in PG Molecular Gas in PG QSOsQSOs

• 10 out of 15 QSOs (2 by Scoville et al. 2003)
• ∆vFWHM ~ 50 - 600 km/s

PG 0838+770

PG 1440+356

PG 1119+120

PG 1613+658



Molecular Gas in Radio GalaxiesMolecular Gas in Radio Galaxies

Nine out of 33 detected.Nine out of 33 detected.
∆∆vvFWHMFWHM ~ 200 ~ 200 -- 600 km/s600 km/s

(Previous detections:
Phillips et al. 1987;
Mirabel & Sanders 1989;
Mazzarella et al. 1993)



RadioRadio--Infrared CorrelationInfrared Correlation

• Radio Galaxies really are radio AGN (exception B2 1318+34 - IC 883)
• PG QSO fall on Radio-Infrared Correlation



LL’’COCO vs. vs. LLIRIR

• L’CO (radio galaxies) = 3 – 50x108 K km s-1 pc2

• L’CO (PG QSOs) = 2 – 90x108 K km s-1 pc2



““Star Formation Efficiency”Star Formation Efficiency”

• LIR / L’CO (radio galaxies) = 6 – 300 
• LIR / L’CO (PG QSOs) = 200 - 1000

QSOs have high LIR/L’CO because
of heating of dust by AGN?
Because of efficient SF??



The The LLIRIR –– LL’’HCNHCN RelationRelation

(Gao & Solomon 2003)



HighHigh--Density Gas (HCN) Density Gas (HCN) –– Further Evidence Further Evidence 
of AGN Dustof AGN Dust--Heating in Heating in QSOsQSOs??


