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INTRODUCTION
DUAL BLACK HOLES IN THE UNIVERSE

Core of Galaxy NGC 426l

Hubble Space Telescope
Wide Fuld / Plaretary Comera

Ground lases Cpexcal Fado mage FET age of & Gas and Oust D
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DUAL MASSIVE

BLACK HOLES

Separations between
<10 pc and >10 kpc

Begelmann et al. (1980)

0 0.37 0.73 1.1 1.5 1.9

NGC 3393, Fabbiano et al. (2011) NGC 6240, Komossa et al. (2003)



INTRODUCTION

CLUMPY ENVIRONMENTS

Tasker & Tan (2009) M33, HI map,VLA, NRAO
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THEORY OBSERVATIONS

(GIANT) MOLECULAR CLouUDS (~10%-10° M, ~5-100 PC)
SEEDED BY GRAVITATIONAL INSTABILITY

CLUMPY ISM AT DIFFERENT SCALES

INFLUENCE ON DuUAL BHS’ DYNAMICS?



MBH PAIRS & CNDsS: SIMULATIONS

SIMULATION SET-UP Fiacconi, Mayer, Roskar & Colpi, Ap] submitted
» SPH SIMULATIONWITH GADGET?2
STELLAR BULGE (=500 Pc) » PLUMMER STELLAR SPHEROID

» SELF-GRAVITATING MESTEL GASEOUS DISK

M,/My =5

LIST OF PERFORMED SIMULATIONS AND OF THEIR

PARAMETERS.
Label My q® f eob teool
[Me] [Myr]
q005f02LM 108 0.065 0.2 0.2 1.0
q005f1LM 108 0.0 1.0 0.7 1.0
q02f025LM 108 0.2 025 025 1.0
q02f2LM 108 0.2 20 0.9 1.0

q01f02HM 5x 108 0.1 0.2 0.2 0.5
q01f2HM 5x10% 0.1 20 0.9 0.5
q02f02HM 5 x 10% 0.2 0.2 0.2 0.5
q02f2HM 5x10% 02 20 0.9 0.5

2 q = Meo/Me1, Me1 = 107 Mp.
Peg~/T—1/(1+ f?).

GAseous CND (~100 pc) U
PHENOMENOLOGICAL Aol
COO

COOLING FOR CLUMPY ISM tcool




MBH PAIRS IN SMOOTH CNDsS

REFERENCE CASE: OVERVIEW

q02f2HM

.00 My: — ey~ 0.2

q02f02HM

ORBIT CIRCULARIZATION & FAST
DEcAY ~10 MYR

eq ~ 0.2 Dotti et al. (2006,2007)

DF et al.,, submitted to Ap)



MBH PAIRS IN CLUMPY CNDs

DYNAMICS IN CLUMPY ISM: RESULTS

q005f1 LM

DF et al.,, submitted to Ap)



MBH PAIRS IN CLUMPY CNDs

DYNAMICS IN CLUMPY ISM: RESULTS

DF et al,, submitted to Ap)
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BH separation [pc]
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MBH PAIRS IN CLUMPY CNDs

DYNAMICS IN CLUMPY ISM: RESULTS
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BH SCATTERING FROM
CLUMPS & SPIRAL ARMS

BH-CLUMP BINARY &
3-BODY SCATTERING

I
4 6 8 10 12 14 16 18 <20

t [Myr]

BH EJECTION FROM
DisK PLANE

1 SJ 7-decay/l\/[yr S/ o0

BH-CLUMP CLUMP BH
BINARY SCATTERING EJECTION

DF et al,, submitted to Ap)
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MBH PAIRS IN MAJOR MERGERS

PRELIMINARY RESULTS Roskar, Fiacconi, et al., in preparation

SECOND STEP
|:1 MAJOR MERGER OF GAS-RICH GALAXIES WITH
MULTI-PHASE ISM

UBK Stars + Gas Contours

INITIAL SET-UP AS IN MAYER ET AL. (2007)



MBH PAIRS IN MAJOR MERGERS

PRELIMINARY RESULTS

—0.10

—0.10 —0.05 0.00 0.05 0.10
x/kpc

BH EJECTION &
TEMPORARY STALL

Roskar, DF, et al., in preparation
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CONCLUSIONS
IS THE ISM RELEVANT FOR MBH ORBITAL DECAY?

» MASSIVE BH PAIRS IN GASEOUS ENVIRONMENTS:
PATHTO BINARY FORMATION

» HOWEVER, ISM MATTERS! INHOMOGENEITIES LEAD TO
BH SCATTERING AND EJECTION FROM DISC-LIKE
CONFIGURATIONS

» STOCHASTIC ORBITAL DECAY: WIDER RANGE OF
TIMESCALES, A FACTOR <10 LONGER/SHORTER!



