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SMBH/ga

laxy co-evolution:

the merger-driven paradigm

(d) Coalescence/(U)LIRG
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- now within one halo, galaxies interact &

- SFR starts to increase
- stellar winds dominate feedback
- rarely excite QSOs (only special orbits)

(e) “Blowout”

(c) Interaction/“Merger”

NGC 4676

- galaxies coalesce: violent relaxation in core
- gas inflows to center:

starburst & buried (X-ray) AGN
- starburst dominates luminosity/feedback,
but, total stellar mass formed is small

- BH grows rapidly: briefly
dominates luminosity/feedback
- remaining dust/gas expelled
- get reddened (but not Type Il) QSO:
recent/ongoing SF in host
high Eddington ratios
merger signatures still visible

lose angular momentum

(b) “Small Group”

1000 E

M66 Group

- halo accretes similar-mass
companion(s)

- can occur over a wide mass range

- Mralo still similar to before:
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dynamical friction merges b
the subhalos efficiently

(a) Isolated Disk
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- halo & disk grow, most stars formed

- secular growth builds bars & pseudobulges
- “Seyfert” fueling (AGN with Mg>-23)

- cannot redden to the red sequence

Hopkins et al. 2008

Simultaneous growth of galaxy bulges and SMBHs
Self-)regulation of growth via stellar and AGN feedback
Formation of SMBH pairs, and possibly SMBH mergers and

recoils

(f) Quasar

- dust removed: now a “traditional” QSO
- host morphology difficult to observe:

tidal features fade rapidly

- characteristically blue/young spheroid

(g) Decay/K+A

7952

NGC

- QSO luminosity fades rapidly
- tidal features visible only with
very deep observations

- remnant reddens rapidly (E+A/K+A)

- “hot halo” from feedback
- sets up quasi-static cooling

(h) “Dead” Elliptical

M59

- star formation terminated

- large BH/spheroid - efficient feedback

- halo grows to “large group” scales:
mergers become inefficient

- growth by “dry” mergers



Gravitational Waves from SMBH Mergers
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Recolling BH simulation movi
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Gravitational-Wave (GW) Recoil

 GW beaming imparts a “kick” to
the merged BH

» Max kick is ~ 5000 km/s!(1.2)

» For randomly-oriented, high spins,
34% of kicks are > 500 km/s 3

* Kicks are lower if spin alignment
occurs prior to merger (more on
this later...) 4-7)

1) Campanelli et al. 2007, 2) Lousto et al 2012, 3)
Lousto et al. 2013, 4) Bogdanovic et al 2007, 5) Dotti
et al. 2009, 2012, 6) Kesden et al. 2010, 7) Miller &
Krolik 2013




Kinematic offset between Kinematically-offset BLs,
BLs and NLs with no NLR
(+ spatial offset) (+ spatial offset)




Recoiling AGN candidates

observed wavelength (A)
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Recoiling AGN: Open Questions

* How many recoiling AGN do we expect to be
observable (as a function of L, Mbh, z, etc.)?

* What are the most likely host galaxies of
observable, offset AGN?

* How can we best design a systematic search for
offset AGN?

* How do the answers depend on the BH spin
distribution? Can we learn something about BH
spins from observations of offset AGN?
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Recoil kick velocities depend

BH spin alignment
strongly on progenitor BH spin

¢ |
vectors

Spins may be efficiently aligned %:.’)
prior to merger via torques from a

circumbinary gas disk (5ogdanovic

T

et al. 2008, Dotti et al. 2009, 2012, Miller & | Roedig et al 2012
Krolik 2013)

Maximum possible recoll kick is

~ 5000 km/s | ‘\
Maximum kick with perfectly

aligned spins is < 200 km/s!




The lllustris Project:

cosmology with moving-mesh hydrodynamics

* ~ 100 Mpc3 volume
« 2 x 18203 resolution elements

* Hydrodynamics are solved on an
unstructured, moving mesh

 Good match to SFRD, stellar & BH MF
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All BH
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Summary

Observations of GW recoil events may offer the best
prospects for identifying SMBH mergers in advance of
GW detections

Promising candidate recoiling AGN have been
identified, and more systematic searches are ongoing

Offset AGN appear to inhabit preferred host galaxies,
may find several per deg? in the most optimistic case

Detections of recoiling AGN may be able to distinguish
between models for BH spin alignment



