
AGN unification

• Introduction
• Torus Problems
• Modes of activity
• AGN and starbursts

From IRAS to Herschel/Planck                  Imperial College, Jul 2007                    Andy Lawrence
Celebration of Michael Rowan-Robinson's 65th birthday    



Introduction



The AGN bestiary

QSO, quasar, Seyfert, Type-1, Type-2, LINER, N-galaxy, 
radio galaxy, BLRG, NLRG, HEG, LEG, WEG, CDQ, LDQ, 
HPQ, BL Lac, blazar, NELG, NLXG, NLSy1, BALQSO,
LBALQSO, HBALQSO ... 

1975 : confusion reigns



MRR to the rescue

• Sy, quasars, N-galaxies, QSO unified with single 
set of lum fns, and probabilities 

• first proposal that Sy 2 = Sy 1 behind dust



Observational Space

• Type 2 vs Type 1
• blazarity
• radio loudness
• nucleus vs host
• excitation (nature of LINERs)
• quasar vs starburst (nature of ULIRGs)



Received Wisdom 2000

• Type 2 vs Type 1
– viewing angle to obscuring torus

• blazarity
– viewing angle to relativistic jet

• radio loudness
– connected to galaxy type : no consensus on physical reason

• nucleus vs host
– Lnuc ∝ MH ∝ Mbul   

• excitation (nature of LINERs)
– some dilute AGN, some star formation

• quasar vs starburst (nature of ULIRGs)
– 80% starburst, 20% buried AGN



Issues 2007

• Torus problems 
• Modes of activity
• Starburst-agn connection



Torus Problems



Rotating donut model

• For
– ionisation cones
– polarisation mirrors
– new VLT-I 11µm images (Tristam et al 2007)

• Against
– Physically implausible 
– host differences (Malkan, Gorjian and Tam 1998)
– OIII differences (various refs)
– no natural explanation for covered fraction

Antonucci and Miller 1985



Other axisymmetric obscurers

• radial outflow with dust formation
– Konigl et al, Elvis 2000, Elvis Marengo and Karovska 2002

• settling warp 
– Phinney 1989, Sanders et al 1989, Lawrence and Elvis in prep

• driven warp  
– Pringle 1996, Pringle et al 1997



Misaligned fuelling model
• In radio gals, kpc dust disc misaligned with jet

– Schmitt et al 2002

• Use observed distribution
• Predicts correct quasar fraction 

and range of covering factors

3C449 HST : Tremblay et al 2006

Lawrence and Elvis in prep



modes of activity



Low excitation radio galaxies

• large popn of LEGs 
– often very weak lines
– all at low Lrad, usually FRI
– removes fQ(L) effect 

(Willott et al 2000)
– parent population of BL Lacs 
– no X-ray or UV, even scattered 

(Hardcastle 2007)
– not larger than low-L BLRGs 

==> not edge on 
        (Kapahi 1990)

NOT OBSCURED AGN : DIFFERENT MODE OF ACTIVITY

Laing et al 1994



Host galaxy connection
• Prob(active) steep fn of galaxy lum

– Huchra & Sargent 1974, MRR 1977, 
Sadler et al 1989, Kaufmann et al 2003, Best et al 2005

• SDSS/radio sample 
– have MH as well as Mgal 
– P(radio-active) : 

steep fn of MH 
– P(opt-active) : 

weak dependence on MH 
– Radio and optical activity :

unconnected

• two modes of activity 

Best et al 2005



Two modes of accretion ?

• Cold mode
– cool and dissipate ; fill nuclear disc
– viscous accretion; UV bump 

• Hot mode
– virial temp gas
– Bondi accretion
– predicted accn rate 

+ efficiency=0.1 explains jet power

• problems
– bound to stall and cool long before BH
– cold and hot modes occur together at high-L ?

• what about spin energy extraction ?

Best et al 2006
Allen et al 2006



AGN and starbursts



Two Old Questions

• Are ULIRGS buried AGN ?
– Soifer et al 1986

• Do ULIRGS evolve into QSOs ? 
– Sanders et al 1988

• Questions re-heated in the 1990s : 

– IRAS F10214+4724 starburst requires >10**9 Msun of dust
– SMGs : if all starbursts, dominate early SF history
– (MRR et al 1991, Hughes et al 1998)



AGN fraction in ULIRGs

• Optical spectra : 20% AGN
– 7% Sy 1 14% Sy2 : Lawrence et al 1999
– maybe increasing at highest L : Sanders and Mirabel 1996

• IR spectra : a few added AGN
– but mostly, IR-class = optical class
– Lutz et al 1998, 1999; Genzel et al 1998

• opt spectra SMGs : ~20 % again
• X-ray IDs of SMGs : 70% ?

– Smail, this meeting
– but L(X)<<L(FIR) : sideshow

• "contains AGN"  ≠ "explained by AGN"



Some objects composite 

• IRAS F10214+4724 :
SED, emission lines, 
and polarisation 
all similar to NGC 1068 

• Shortwave : Type-2 AGN

• Longwave : starburst ring

Lawrence et al 1994



AGN FIR = starburst

• AGN SEDs
– shortwave : heterogeneous
– longwave : all the same = starburst



AGN FIR = starburst
• AGN, ULIRGs, starbursts fall on same relations for :

– L60 vs radio  (Sopp and Alexander 1991)
– L60 vs CO (Alloin et al 1992)
– L60 vs PAH (Schweizer et al 2006)



AGN vs Starburst space density
–  Φ(starburst) =Φ(L60) - Φ(Schechter)
–  dots = Φ(Lx) × mean (L60/Lx) × 1.5 × 16 

(factor 1.5 for Type 2 AGN)
• L60<12

– shape agrees well
– AGN = SB/16
– all AGN have SB
– 6% of SB have concurrent AGN
– BH is fuelled for 6% of time ?

• L60>12 
– fit breaks down
– AGN=ULIRG/4
– do the rest evolve into QSOs ?
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Lawrence 1996 in prepn...



SMGs and QSOs
• SMGs are forming 3L* Es
• most have AGN but LAGN<LFIR 
• MH sub-Magorrian
• t(growth)  ~ 1 Gyr 
• t(gas consumption) ~100 Myr
• ==> QSO phase 10 x SMG

• possible problem : QSO fuzz 
BIGGER than ULIRGs ...

Tacconi et al 2002



Growth scenarios

• big galaxies
– major merger z=3
– starburst 100Myr
– BH : Eddington growth to 109 Msun over 1Gyr (mostly unobscured)
– z=0 mostly unfuelled but extracting spin : LEG radio galaxy
– periodic short refuellings → HEG radio galaxy

• small galaxy
– multiple minor mergers z=3 to z=0
– feed bulge → nuclear disk → starburst → AGN
– short bursts of feeding : MH grows slowly to 107-8 Msun



summary



take home messages

• There are two modes of activity
• Radio activity is in the most massive black holes
• The "torus" could be a warped disk
• Every AGN has a concurrent starburst

– same thing as the warped disk ?



The scientific product



The cultural product



FIN


