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BH-BULGE RELATION
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On The Black Hole Mass-Bulge
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ELLIPTICAL GALAXIES
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BH EVOLUTION
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Several explanations have been
proposed for the existence of these
empirical relationships

+ direct feedback between the black hole and
its host galaxy (Silk & Rees, Fabian, King &
Pringle)

+ galaxy-galaxy merging and the subsequent
violent relaxation and dissipation (Kormendy,
Hopkins)

* non-causal, statistical process of galaxy-galaxy
merging (Peng 2007, Jahnke & Maccio 2010)

The distribution of black hole masses is an
indicator of their formation

@ Remco van den Bosch
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THEORIES...

Several explanations have been
proposed for the existence of these
empirical relationships

« direct feedback between the black hole and
its host galaxy (Silk & Rees, Fabian, King &
Pringle)

« galaxy-galaxy merging and the subsequent
violent relaxation and dissipation (Kormendy,
Hopkins)

 non-causal, statistical process of galaxy-galaxy
merging (Peng 2007/, Jahnke & Maccio 2010)

The distribution of black hole masses is an
iIndicator of their formation

Di Matteo et al (2005)
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THEORIES...

Several explanations have been
proposed for the existence of these
empirical relationships a5

 direct feedback between the black hole and

its host galaxy (Silk & Rees, Fabian, King & feelt
Pringle) 5010‘
» galaxy-galaxy merging and the subsequent = 1ot

violent relaxation and dissipation (Kormendy,
Hopkins)

 non-causal, statistical process of galaxy-galaxy
merging (Peng 2007, Jahnke & Maccio 2010)
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The distribution of black hole masses is an
indicator of their formation
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THEORIES...

Several explanations have been s~ ;
proposed for the existence of these Pred iction:
empirical relationships

 direct feedback between the black hole and

its host galaxy (Silk & Rees, Fabian, King & M. X 0-4 No scatter
Pringle)

« galaxy-galaxy merging and the subsequent
violent relaxation and dissipation (Kormendy,
Hopkins) 2

BH linked to galaxy bulge

* non-causal, statistical process of galaxy-galaxy

merging (Peng 2007, Jahnke & Maccio 2010) Scatter decreases Wit el

The distribution of black hole masses is an
indicator of their formation
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BH-BULGE IN 2013

Graham & Scott
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Kormendy & Ho
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BH-BULGE IN 2013
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M-0SCALING RELATION
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M-0 RELATION IS CALIBRATOR FOR
AGNS
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Relation is the basis for all other line
width AGNS black hole masses.

The local non-agn bhmasses are
mostly early-type galaxies

The AGNs are almost all disks.



M-o RELATION IS CALIBRATOR FOR

AGNS

Woo et al. 2010, 2013 Kormendy & Ho
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WHY ARE THERE FEW BLACK HOLE MASS
MEASUREMENTS AT Z=0?

+ MANY REQUIREMENTS FOR
DYNAMICAL ESTIMATES:

» Resolve the Sphere-of-influence o
D00
g ;
@
= J
Thus HST/STIS or AO. And few SRl
avalilable targets a
» Spatially resolved kinematics 1 -
5
» High resolution photometry for black hole mass (Msun)

stellar mass model
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4 HET OBSERVATIONS

* Long slit spectra with the Marcario
Low Resolution Spectrograph

* 4200-7400 AA, |180km/s
resolution, |""x2.5" slit

1000 galaxies observed to date
» Distances less then ~ 140 Mpc

» Effectively probing the most
massive nearby galaxies

@ Remco van den Bosch



HET NEARBY MASSIVE GALAXIES SURVEY

e Select candidate galaxies

using literature velocity _ Pred.BlackHole Mass (M)

dispersion from UNRLANR R

Hyperleda database  vevesTages &, '
e Atlas3D

Literature Dispersionst

» predict black hole mass using M-
sigma

0.10f

» few targets with SOI>0. "

Sphere-of-Influence (arcsec)

» Most nearby galaxies are not in
SIDSS
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2MASS FUNDAMENTAL PLANE
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 The fundamental plane (Virial Theorem) defines the
relation between galaxy mass, size and velocity dispersion.
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GATEWAY TO MORE BLACK HOLE MASSES

F + HETMGS F + HETMGS
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GATEWAY TO MORE BLACK HOLE MASSES

Pred. Black Hole Mass (M)
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HOW TO MEASURE
STELLAR KINEMATICS |
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DISPERSION COMPARISON
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GALAXY PROPERTIES

| o A T T T

« Mearby SDSS galaxies {D<!30 Mpc) bt
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HST ACS/F550M OF NGC1277




MEASURE BH MASS
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Use orbit-based models to measure the mass distribution:
« Construct a trial potential, including stars, black hole, dark matter

« Compute all possible orbits in trial potential
 Reconstruct the galaxy from orbits and at the same time fit the observed stellar kinematics

« Search over trial potentials to find optimal models
@ Remco van den Bosch



TRIAL POTENTIAL

Construct an analytical prescription consisting of 2D
Gaussians, which then gets de-projected into 3D

Use orbit-based models to measure the mass distribution:
Construct a trial potential, including stars, black hole, dark matter
Integrate all types of orbits in trial potential

Reconstruct the galaxy from orbits and at the same time fit the observed stellar kinematics
Search over trial potentials to find optimal models

@ Remco van den Bosch



Use orbit-based models to measure the mass distribution:
 Construct a trial potential, including stars, black hole, dark matter

« Integrate all types of orbits in trial potential

 Reconstruct the galaxy from orbits and at the same time fit the observed stellar kinematics
« Search over trial potentials to find optimal models
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Use orbit-based models to measure the mass distribution:
« Construct a trial potential, including stars, black hole, dark matter

* Integrate all types of orbits in trial potential
* Reconstruct the galaxy from orbits and at the same time fit the observed stellar kinematics

* p2garch over trial potentials to find optimal models




S R R R e T
kpc
Use orbit-based models to measure the mass distribution:
 Construct a trial potential, including stars, black hole, dark matter
» Integrate all types of orbits in trial potential

» Reconstruct the galaxy from orbits and at the same time fit the observed stellar kinematics

« Search over trial potentials to find optimal models
Remco van den Bosch



A BIG BLACK HOLE
IN A SMALL GALAXY

2x10'° Msun BH
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BLACK HOLE - BULGE
RELATION

Sani et al. 2011, Kuo et al. 2010, Rusli et al. 2010, McConnel 2011a,b, Giiltekin 2011

g
- M-L Sani et al (2011)
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NGCI1277 15 AN OLD DISK GALAXY
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ULTIMATE PROOF
REQUIRES AO
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N1277 IS NOT ALONE

« Nearoy SDSS gaaxes (C<130 Moc)
« FETMGS Ik
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PPAK IFU KINEMATICS
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« Deep IFU observations with 3" fibers out to 5 half-light radii.

™, Remco van den Bosch PPAK Observations by Akin Yildirim




PPAK IFU KINEMATICS
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N1270 ON M-SIGMA
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5e4 Msun BH in

N4395: Seyfert 1 (Edri
+2012)

The galaxies still
forming (stars) today
are disks and some

have AGN. These thus O e e e

Figure 31

bulge, an
M 33 and M 101 are more luminous and higher-surface-brightness analogs (Kormendy

have an SMBH, but no
bulge. (e.g. Greene
+08, Simmons+2012)

335712.1 J094112.93+610340.7
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34
Table 2 Supermassive black holes detected dynamically in 45 elliptical galaxies (December 2012)

Galaxy Type Distance Ks Mg, Myt (V—Ks)o (B—V)g log My, ge Me(low Me — high M) 2 Flags Source
{Mpc) (Mg) (M=) (km s~ 1) MC M,
@ @ @ @& (6 s (8) (9) (10) 1)  (12) (3

E2 0.805 7 5.10 —19.45-16.64 2.816 0.895 9.05%=0.10 '24-'15!:1.43 - 3.46) T7T+ 3 101 vanden Bosch 4 2010
GC 1316 E4 20951 5.32 —2629-23.38 2910 0.871 11.84+0.09 1.69(1.39 — 1.97) x 206+ 9 100 Nowak + 2008
;C 1332 E6 22662 T.00 —24.73—-21.58 3.159 0.931 11.27 = 0.09 1447{1.27 — 1.68) 328+ 9 100 Rusli 4 2011
;C 1374 EO 19571 8.16 —23.30-2043 2.874 0.908 10.65 £ 0.09 5.9()(5.39 - 6.51) © 167T+03 101 Rusli+2013
;C 1399 E1 20851 6.31 —25.29-—-2243 2.863 0.948 11.50 =% 0.09 8.81(4.35) — 17.81) B 315403 110 see notes
:C 1407 E 29.002 6.46 —25.87—2289 2.980 0.969 11.74 = 0.09 16.)!’4 21 — 5.38) 2276+ 2 111 Rusli+2013
;C 1550 E 32509 8.77 —2487-2189 2974 0.963 11.33 = 0.09 3.87 4.48) S 27010 111 Rusli+2013
2778 E2 23442 951 —2234-19.39 2955 0911 1026+009 1.4 00— 2.91)x 107 175+ 8 101 Schulze + 2011
3C2060 E2 671 9 9.78 —24.36-21.30 3.068 11.06 = 0.09 1.08(1.03 — 1.12) x 10’ 166 +16 300 Kuo + 2011
3 .'3[)!)1 DK 33.02 ¢ 3.09 —25.54 —22.56 2.980 S 61 = 0.09 3. "2(3 21 — 3.83) © 207+12 111 Rusli+2013
f ; ¢ % 01
11
10

11
11

Sarzi 4 2[](71
Rusli 4 2013
Schulze + 2011
! e : } 3 < "t Gebhardt 4 2011
:C 4486AE2 o] . ; : c : i | oS ' g Nowak + 2007
:C 4486BE0  16.26 1 10.39 —20. (u —ll (J‘J 2,980 0991 9. ()1 =y () 10 6. (4. 9. ) x 10 5 Kormendy + 1997
;C 4649 E2 16461 549 —25.61 —22.63 2.980 0.947 11.64 = 0.09 4.72(3.67 — 5.76) © 380 = Shen+Gebhardt 2010
;C 4697 E5 12541 6.37 —24.13-21.33 2.799 0.883 10.97 = 0.09 2.02(1.52 — 2.53) 3 == Schulze + 2011
;C 4751 E6 32812 8.24 —2438-21.22 3.158 0.983 11.16 = 0.09 2.44(2.07 — 2.56) = 355 + 14 Rusli 4 2013
;C 48890 E4 1020 9 8.41 —26.64 —23.63 'i 007 1.031 12.09 £ 0.09 2.08(0.49 3.66) x 10*Y 347 + McConnell 4 2012
9 8.22 —-24.T4-2166 2.949 0.987 11.28 =+ 0.09 8.55(4. ()T — 12.93) D A=t ; De Francesco 4 2008

16253 40 : 980 & 5.69($ G 6.73kd 07 15Qa 7 ari 2009
9 : 25 2 3.69 3.0 % 3. 201
"HIN: PAPERSAE.G.:RUSLI+13)

72 911 —-22.97-19.73 3.238 0973 10.57 = 0.09 18/(. a ‘H — 6.40) x 10° 239 + Schulze + 2011
GO 6086 [ 38.0 9 997 —25.74-22.84 2.884 0.965 11.69 = 0.09 3. "4(2 59 — 5.50) x © 318 & - McConnell 4+ 2011b
26251 E1 1084 9 9.03 —26.18-23.18 2.998 v 11.88 £ 0.09 6.14(4.09 8.18) x 10° 29014 210 Ferrarese 4 1999
;C 6861 E4 28712 T7.71 —24.60—21. 12 3. 0.962 11.25+0.09 2.10(2.00 — 2.73) x " 389+ 3 Rusli 4 2013
7052 E3 T0.4 9 8.57 —25.70-22.86 2.8 0.86 11.61 £ 0.10 3.96(2.40 6.72) x 107 266 =13 210 vanderMarel+ 1998b
;C 7619 E3 53852 8.03 —25.65—22.83 2.821 0.969 11.65 =+ 0.09 2.30(2.19 — 3.45) Y292+ 5 Rusli 4 2013
;C 7768 E4 116.0 9 9.34 —26.00-23.19 2811 0.906 11.75 =+ 0.09 1.34(0.93 — 1.85) = 297 =26 McConnell 4 2012
IC 1459 4 28922 6.81 —25.51-22.42 3.081 0.966 11.60 = 0.09 2.48(2.29 — 2.96) - 33l1f 5 Cappellari + 2002
IC 1481 '.' 5 899 9 10.62 —24.17 ... o o 2 1.49(1.04 1.93) x 10’ SeC 300 Huré 4+ 2011
A1836 BCG 1524 9 999 —25.95-22.64 3.310 (045 81 £ 0.10 3.74(3.22 4.16) x 10° 288+14 210 DallaBontd 4 2009
.\.' 565 1’( G ‘ .' 2 9 00 25.98 —23.03 2.948 0.956 78 = 0.09 1.30(1.11 1.50) x 10° 322+16 210 Dall nta 4 2009

E 2.66(1.91 3.40) x 10° 270+90 210 Tadhunter 4+ 2003
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STRONG BIAS ON THE
SCALING RELATIONS

{Future:

Sample all kinds of host
galaxies
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Uniform data on host

22 23 24 25 -26 - galaXIGS
M, (mag)

AO IFU spectroscopy
of the nuclear region

Uniform BH mass
analysis.
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Orbit-based Dgysnamical Decomposition

Pseudo-bulges and classical bul

NR SR/KDC FR FR 20
NGC4486  NGC5831  NGC4621 NGC2974 NGC4550

All stars on low few stars in rotating (B/T>0.5) (B/T<0.5) Counter-rotating
spin orbits (bulge) component (kdc) Dominant bulge Dominant Disk disks and small bulge

. : Y
@ Remco van den Bosch Increasing Spin
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= Even Black hole demography at z—O poorly understooa

i HETMGS survey Wlth 1000 nearby galax1es |

| -_ The-neg(_t step is a systematlc.study., |




GALAXY SIZE
EVOLUTION

van der Wel+2008

Velocity dispersion o (km/s
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Longhetti et al. 2007

: Zirm et al. 2007

: Toft et al. 2007

: Cimatti et al. 2008
van Dokkum et al. 2008

: Franx et al. 2008

: Rettura et al. 2008 (f: field; c: cluster)
Buitrago et al. 2008
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GALAXY SIZE
EVOLUTION

van de Sande et al 2011

i i
* Van Dokkumn et al. 2008b, z=2.2
- Onodera et al. 2010, z=1.8
v Cappellari et al. 2009, z~1.7
= ¢ Newman et al. 2010. z2-1.3
F ‘®  van de Sande et al 2011
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e e '””'”2 3 456 810
Dynamical Mass [Mg] r, [kpc]
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THESE GALAXIES EXIST IN SDSS TOO

BERNARDI ET AL. 2007 360.3%9.4km/s (SDSS measuremen t) .“

— — — - stellar mass from SPSS

Ronald Lasker
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