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MASSIVE Galaxy Survey Plan

A volume-limited, integral field spectroscopic
survey of the ~100 most massive early-type
galaxies within ~100 Mpc

Also a wide-field photometric imaging survey

Plan: use spatially-resolved 2-d stellar kinematics
to study structure and stellar content of massive
early-type galaxies and their central black holes
in the nearby universe



Correlation Between Black Hole Mass

and Bulge Mass
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Stellar-mass selected (Ma et al. 2014)
Mk < -25.3 (2MASS XSC)
M* > 101> Mgyn  ATLAS-3D: Mk < -21.5

Volume limited

D <108 Mpc (2MASS Redshift Survey) ATLAS-3D: D <42 Mpc
Includes Coma Cluster

X Stars/Early-type BCG
% Stars/Early-type non-BCG

Morphology (from Hyperleda) X stasiate tpe

® Gas/Early-type BCG
® Gas/Early-type non-BCG

~100 Early-type galaxies & e pe

Mostly gEs; a handful of SOs 4 Masersliatetyee
ATLAS-3D: mostly SOs, fast rotators

Additional criteria
Dec>-6 Ay<0.6
and relatively “clean”

-IN7582
N339; N

N27g87 N1023




SDSS images of some MASSIVE galaxies

NGC5208 - PGC047776 .. NGC5252 NGLD322  '*. " sNGChH353
- .
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NGC5490  NGC5557 "UGC10097 - NGC6364  NGC7386
' NGCG7436 = 'NGC7550 . . NGC7556 NGC7619 NGC7626
S .

Ma et al. (2014)



MASSIVE Survey Observations

Idea: combine wide-field and high-resolution IFU data

Wide-field (107”x107")
Mitchell IFU McDonald 2.7m
246 fibers, each 4”
3600-5800 A

Out to ~2 R. for >50% galaxies

High-resolution (~0.1” to 4”)
NIFS + AO Gemini
GMOS N+S Gemini

Photometry
CFHT, HST, PanSTARRS



Example Mitchell IFU Spectra for NGC 1600

NGC 1600 Annular Spectra
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MASSIVE vs ATLAS3P angular coverage
for 2 galaxies in common
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MASSIVE galaxies similar in angular size
to ATLAS3P sample galaxies;
different in Stellar Velocity Dispersion
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MASSIVE Sample Galaxy Environments

| | | | | | | |
- 89 MASSIVE -
15 |~ galaxies are —
_ in “groups.” ]
& - (including 7 - . _
8 - Abell clusters) { 90% of galaxies
. 10 — in groups with
,‘3 : - : Mhalo> 1013'7 Msun
= u | are not Brightest
- 71 Group Galaxies
O | —
i | i
u 65 BGGs -i _
0 - . . . | ! 1 (27 are “groupless”)
12 14 16
Virial mass of group halos log (M Halo) 2MASS RS Group Catalog

(Crook et al 2007)
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MASSIVE Survey galaxies
are mainly “slow rotators.”

Spin parameter decreases
and fsiow increases with Wk.
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No significant fast/slow rotator trend with environment,

0.8
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fslow

after controlling for Mk
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See Veale et al. (2017b, MNRAS) for detailed analysis.
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Figure 1. Dispersion profiles in bins of Mg. The 3 panels are arranged from high to low mass, in equal-number bins corresponding to
1012- 1877, > M. > 101182015, (left), 1011-82M1 > M, > 1011720 center), and 101- 7201 > M, >
R > R.. From left. to right, overall o hecomes slightly lower, and more profiles are steeply falling.

10116077, (right). Each profile is blue at
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Rising dispersion profile correlates with A4
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Mgr-O-environment relation?

MBgH - 6 relation

Very few BHs known with

MgH > N6X109 Msun

M87, cD of Virgo
6.2x10° Msun (Gebhardt+ 2011)
3.3x10% Msun (Walsh+ 2013)

1 NGC 3842, BCG of A1367

9.7%109 Msun (McConnell+ 2011)

| NGC 4889, BCG of Coma

~20%10% Msun (McConnell+ 2011)

| ! | | | |
T % Stars/Early-type BCG N4889 ]
R Stars/Early-type non-BCG i '/
X Stars/Late-type N3842
1010 | ,‘7 ]
@ Gas/Early-type BCG | mM87 fr .
® Gas/Early-type non-BCG
® Gas/Late-type
A Masers/Early-type
A Masers/Late-type 7
109 » ) —@—
= N
g 2Ly
10 | N4596 7. . ’ N3607 _
107 F : _
w3z X
+ . e MW
7/ e Circinus
PRESE M64
106 o L . | | | |
60 80 100 200 300 400
o (km/s)

McConnell & Ma (2013)

The most massive E’s are
rare and distant; also have
flat, low-SB cores.

Thus, BHs require both high
resolution & large apertures.
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In addition to high s,
hosts of the most massive
BHs tend to have flat
central profiles, or “cores.”

In the MASSIVE sample,
NGC 1600 has flattest
central profile, with a

break radius rp = 0.7 kpc.

Unlike known hosts of
N1O1O Msun—iSh BHS,

NGC 1600 resides in a
small group (similar to the
most luminous quasars),
not in a rich cluster.

Thomas+ 2016, Nature



Contrasting Environments

Coma cluster N1600 group

i e B R Necded :
o - T = | . s NGC 1600 -
. . . ' . A .
NGC 4889 - » : b / ; e
e . NGC 1603 : :
. NGC 4874 -
. . "
100 kpc = 3.5’ e s i ' 100 kpc = 5.6
Myir= (1.4-2.7)x10"° Msun Myir ~ 1.5x10"* Msyn
Lx = 4x10%* Lsun Lx ~ 1000x lower

Rank 2 galaxy similar in L Rank 2 galaxy 6x fainter (fossil-like)



NGC 1600 Mitchell/VIRUS-P + GMOS IFU velocity data
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log M(r)/M,

M, (r)/L(r)
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lowers Mg only ~10%.

Thomas et al. 2016, Nature



BH Scaling Relations for Cored Ellipticals

BH mass dominates within sphere of influence, rsox

T ol
r, [kpc]
Best-fit consistent with rsor = rp, scatter ~0.17 dex;
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I'y is a better predictor of Mgy than o is.

Thomas+ (2016)



Summary

Making MASSIVE progress on multiple fronts, targeting 100+
early-type galaxies with Mx >101->Msun, d < 108 Mpc.

About 75% of the wide-field IFU data in hand; deep wide-field IR
observations obtained for 90% of the galaxies, plus ongoing
programs with ALMA/IRAM, Chandra, and HST.

Specific angular momentum parameter A & fsiow correlate only
with stellar mass, but velocity dispersion profile o(R) correlates
with environment, even controlling for Mx.

Correlation of hg and o profiles; thus, ha with environment

Molecular & ionized gas detected in many galaxies: red # dead.

NGC 1600 harbors first >101% My, BH outside a rich cluster,
consistent with environs of most luminous QSO at z = 2.

More MASSIVE science to come!



