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FUELING A BLACK HOLE

Observer sees blazar

Observer sees
radio loud quaser
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Broad line region
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Credit: hitps://fermi.gsfc.nasa.gov/science /eteu/agn/
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FUELING THE FUEL

® Gas transport from distant reservoirs (kpc) to central region

® Need to remove angular momentum
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MAJOR MERGER — AGN CONNECTION

(c) Interaction/*Merger” (d) Coalescence/(U)LIRG (e) “Blowout”

- now within one halo, galaxies interact & - galaxies coalesce: violent relaxation in core

lose angular momentum - gas inflows to center: ot R :
2 2 lominates luminosity/feedback - host morphology difficult to observe:
- SFR starts to increase starburst & buried (X-ray) AGN - remaining dust/gas expelled tidal features fade rapidly

- stellar winds dominate feedback - starburst dominates luminosity/feedback, S Sl 2
- rarely excite QSOs (only special orbits) but, total stellar mass formed is small =iget rendened (but notTyps If) Q3 - characteristically blue/young spheroid

NGC 4676

- BH grows rapidly: briefly - dust removed: now a “traditional” QSO

recent/ongoing SF in host
. high Eddington ratios
(b) “Small GFOUP merger signatures still visible (g) Deca)'/K+A

M66 Group

- halo accretes similar-mass - QSO luminosity fades rapidly
companion(s) - tidal features visible only with

- can occur over a wide mass range very deep observations
= Mraio still similar to before: - remnant reddens rapidly (E+A/K+A)
dynamical friction merges E : - “hot halo™ from feedback

the subhalos efficiently - sets up quasi-static cooling

SFR [Mg yr™]
o

(a) Isolated Disk (h) “Dead” Elliptical

1 -

- star formation terminated
- halo & disk grow, most stars formed Time (Relative to Merger) [Gyr] - large BH/spheroid - efficient feedback
- secular growth builds bars & pseudobulges - halo grows to “large group” scales:
- "“Seyfert” fueling (AGN with Ms>-23) mergers become inefficient
- cannot redden to the red sequence - growth by “dry"” mergers

Credit: Hopkins et al., 2008 (2008ApJS..175..390H)

FI1G. 1.— An schematic outline of the phases of growth in a “typical” galaxy undergoing a gas-rich major merger. Image Credit: (a) NOAO/AURA/NSEF: (b) REU program/NOAO/AURA/NSF: (c)
NASA/STScI/ACS Science Team; (d) Optical (left): NASA/STScIR. P. van der Marel & J. Gerssen: X-ray (right): N CXC/MPE/S. Komossa et al.; (e) Left: J. BahcallM. Disney/NASA: Right: Gem-
ini Observatory/NSF/University of Hawaii Institute for Astronomy; (f) J. BahcallM. Disney/NASA: (g) F. Schweizer (CTW/D (h) NOAO/AURA/NSF.
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MAJOR MERGER — AGN CONNECTION

Matching control sample of inactive galaxies essential

® Examine merger fractions in parameter space:
@ Redshift

® Mass

@® Accretion rate



Redshift
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REDSHIFT

@® Cisternast+ 11:

e
@® 140 X-ray selected, optically confirmed AGNs

® ~ 1200 inactive galaxies

® M.>10""7 Mg
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R E D S H I FT AGN host galaxies Inactive galaxies

® 2D-decomposition

@® Synthetic nucleus

for control sample

® Removing nuclear

contribution

@ Visual classification
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REDSHIFT

@® Results:

® >85% of AGN host
galaxies show no strong

distortions

® >55% AGN hosts disk-
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Highest Mass BHs
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HIGH MASS

@ Mechtley+ 16:

L) MBH — 1093 - 109'7 M@

® z~2
® 19 AGNs

@® 84 inactive galaxies
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HIGH MASS

® 2D - decomposition:
@® Bayesian Modeling Method

® MCMC algorithm (PSFMC)

@® Synthetic nucleus for

inactive galaxies

@ Point source subtraction
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SDSSJ124949.65+593216.9

HIGH MASS g .i
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4 e

Q 2 D - d ecom pOS”l on: Quasar Posterior Model Point Source 2x2 Smoothed
Subtracted

SDSSJ131501.14+533314.1

@ Bayesian Modeling Method | 154
® MCMC algorithm (PSFMC) |
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Quasar Posterior Model Point Source 2x2 Smoothed
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Q Synthehc nUCIeUS for SDSSJ131535.42+253643.9
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mag arcsec -

inactive galaxies

*.

@ Point source subtraction
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Quasar Posterior Model Point Source 2x2 Smoothed
Subtracted
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HIGH MASS 0.040 . . . .

- (Quasar Hosts

: 0.035 Inactive Galaxies ||

@® Consensus ranking 0.030 | i
e

® fs0=039+011 RS "

S 0.020} }

® finga = 0.30 £0.05 £ 0.015f -

L] No significant difference 0.010F |

0.005 | i

in merger fractions 0.000 M |

0.0 0.2 0.4 0.6 0.8 1.0

@ Similar result for z = 0.2 Merger Fraction

(Master Thesis: Liyualem Tilahun)
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HIGH MASS

@ Consensus ranking

@ f. o0 =039+0.11

@ f. s = 0.30 + 0.05

L] No significant difference

in merger fractions

@ Similar result for z = 0.2

(Master Thesis: Liyualem Tilahun)
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Highest Accretion Rates
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HIGHEST ACCRETION RATES

@ Examination for BHs with| ARSIk

@® Large amount of gas needed

@® - major merger dominant mechanism?
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HIGHEST ACCRETION RATES

@ z=2

® 21 AGNs

@® 92 inactive galaxies
® Modeling complete

@® Currently in ranking phase




HE 2011-6103
FORS/0.8" seeing

HIGHEST ACCRETION RATES

@ 2<0.2

@® Observations nearly complete

10 arcsee QSO

@ B-V

SDSSJ154645.37-005134.5
FORS/0.9" seeing

® 19 AGNs

® 37 comparison galaxies .

10 arcsec inactive galaxy
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HIGHEST ACCRETION RATE

@ Hypothesis:
® QSOs dominated by mergers (=50%)
@® Fraction of inactive, merging galaxies ~15%

@® Test with 30 significance
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40 60 80
Intrinsic merger rate in %
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Summary
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CONCLUSIONS

® Major mergers not dominant trigger for AGN activity for:

@® Typical AGNs at 0.3 <z< 1.0

@® Highest mass BHs at z = 2 and z = 0.2

@® Lower-luminosity AGN at z = 2 (Schawinski+ 2011, Kocevski+ 201 2)

@® BHs with highest accretion rates atz = 2 and z = O.2E
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Thank you for your attention

Xked.com
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Time Lag
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TIME LAG

® Washing out of merger signatures
@® Models: ~108 yr between coalescence and peak of QSO activity
@ Accretion timescales 107-108 yr

U4 merger signatures visible
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Obscuration
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OBSCURATION

@® Cisternas+ 11
® Examined soft and hard X-ray emission

® No source above background level
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