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Coming next ...

What are active galactic nuclei (AGN)?

How are AGN triggered? Black holes
need to be fed with "food".

What do we observe in the nearby
universe with SDSS/MaNGA?

Do observations agree with
expectations from simulations?
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A Small Fraction of Galaxies Host Active Galactic Nuclei (AGN)*

A=6cm | Accreting SMBHs
as the powering
gource was first

. suggested for
quasars by
Hoyle et al (1964),
Lynden-Bell (1969)
. »
A=1.3mm
Dist = 16.6 Mpc
P
(1 parsec = 3.26 lyr) o EHT
Meiellar = 1012 My, Collaboration

in di 2019
MgH = (’)5)('] 0% Mqyn /00 AU in diameter



Feeding SMBHs is difficult because
of their tiny sphere of influence

NGC 3115 (d = 10 Mpc) . B/ » BH sphere of influence,
the Bondi radius
(1952):
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Shcherbakov et al. 2014




tidally-induced stellar bars can drive rapid gas inflows

T = 1040 Myr Gas T = 1040 Myr Stars
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How to efticiently remove the angular momentum of the gas?



75 kpc across simulation predictions of a 2:1 gas-rich merger
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Caveat #1:
BH Feeding Zone Barely Resolved

NGC 3115 (d = 10 Mpc). — » Typical resolution is ~10
pc in simulations. The
black hole’s sphere of
influence is barely
resolved.

0.5 keV
k'T

. X-ray: NASA/CXC; Optical: ESO/VLT |

Shcherbakov et al. 2014




Caveat #2:

Uncertain self-regulation mechanisms

Stellar FB Only (no_BAL) Face-On g Stellar + Quasar FB (v5000)

(a) radiative feedback

(b) mechanical feedback

(c)

thermal feedback
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AGN show similar galaxy
morphologies as non-AGN
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X-ray-selected AGN at 1.5 <z < 2.5 (Kocevski+12)




The stochastic feeding baseline:
AGN in non-interacting galaxies

Giroletti & Panessa 2010



AGN Triggering Mechanisms:
Merger-Driven vs. Stochastic Feeding

* Simulations indicate merger is important

* An observational test will require
* aspectroscopic galaxy survey that have:
* an interacting sample: close galaxy pairs
° anon-interacting control sample
e and quantitfiable selection biases

* counting AGN in both pair sample and control sample
and correcting for sample biases

° acomparison between observed and expected AGN
volume densities in close galaxy pairs
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Fu, Steffen, Gross, et al. (2018) ApJ 856 93 (Paper I - AGN activity)
Steffen, Fu, et al. (2019) in prep. (Paper II - Star Formation & Metallicity)
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SDSS 2.5-meter Telescope
Apache Point Observatory
New Mexico .
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- MaNGA Plate 7443
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3 degrees or 32 inches in diameter, patterned with 1500 holes to plug fibers

David R. Law
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| Anne-Marie Weijmans
plugging fibers into plate




MaNGA Integral-Field Spectroscopy

Telescope Spectrograph Spectrograph Datacube
Focus Input Output
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SDSS-IV MaNGA: Mapping
Nearby Galaxies at APO

Fall 2014 to Spring 2020

Bundy+15

17 science IFUs per
plate:5/2/4/4/2 of
127/91/61/37/19-fibers
(2”-diameter fibers)

10,000 galaxies
at0.01<z<0.15
(2,772 in DR14)
(6,142 in DR16)

R ~ 2000
Exptime ~ 3 hours




1. Selection of pairs that are
fully covered by single IFUs

Ha Surface Brightness Gas Velocity (km/s) Gas Velocity Dispersion (km/s)
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DR14 Main Galaxy Sample: 2,618 unique datacubes

105 kinematic pairs in the final sample (~4%):

M;/M; < 10:1, dV < 600 km /s, 1 kpc < Sep < 30 kpc
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2. AGN Identification

[0 1] 3726,3729
/ [0 1] 4959,5007

[Ne 1] 3868
/

[Ne V] 3425

i [N 1] 6583

I/

|

[Ne 1] 3967 Hy
HS l He Il 4686 l

[0 m] 4363 |
/

[S 1) 6716

[0 1] 6300 [S 1] 6731
[ _

g'

y

5500 6000 6500 8500 9000
A (A) A (A)

4500

S000

A Spectrum of a Narrow-Line AGN (continuum removed)

Fu & Stockton (2006)
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Based on nuclear spectra extracted wi

1.0

Emission-line Classification:
BPT + WHAN diagrams

The AGN branch includes Seyferts, LINERs, and Composites

Retired
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for MaNGA

7
V
»
<

oyf

a0

ing

Sample

A Volume-Limited Sample of Galaxies

3. Correct




"The history of astronomy is a history of receding horizons”
_EDWIN HUBBLE

Distance = c z Hy where zis the

The straight line that best
fits the data corresponds

to Hy =71 km/s/Mpc.
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A volume-limited sample

| b | b | b |
Distance Coverage vs. Galaxy Luminosity
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A flux-limited sample

" a magnitude-limited sample
(SDSS i < 16.9 mag)
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The MaNGA sample:
survey volume varies with luminosity

rimary (47%
econdary (37%
olor—-Enhanced

N

TS

=
=
%
o)
O
o

o o2 .
S

~
IRER

e SNt o b

b T Re i Tt

BRI
R

—20 —22 —24
I—-band absolute magnitude




Credit: David Wake

Discovery potential for all other unforeseen science

Growth of disks

formation rate
surface density to 0.2
dex per spatial
resolution element at
1.5Re (under

DctcnmnX

Quenching of star

formation

Assembly of bulges
and spheroids
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Distribution and
transfer of angular
momentum

Weighing galaxy
subcomponents

Measure the gas
metallicity gradient
to 0.04 dex per Re

(under Condition 1),
and determine its

\\.Mcasurc the stellar
age gradient in star-
farming and newly-
quénched galaxies to

Measure the stellar age
metallicity and
abundance gradients in

quiescent galaxi

to 0.1

Measure baryonic
specific angular
momentum Ap

0.1\dex per Re, and

dex per decad€ in Re,

within 1.5Re to 0.1

Mecasure the
enclosed
gravitating mass
within 1.5Re to

10% (under

Measure the dark
matter fraction
within 1.5Re and
2.5Re to 10% in
bulge-dominated

Condition 1), and

neion 1. dependence on determine its and detenine their for quicscent Condition 2)
ermine its

mass, stellar age, dcpcx\dcncc on mass. dependende on mass, galaxies (P4.3) (P5.1)

dependence on mass, morphology. and mori)hology. and morpHology. and
gas content and environment (P1.2) enviropment (P1.6) envigdnment. (P2.1)
environment. (P1.4,
P3.3)
/\ i

A sample of at least
3000 quiescent
galaxies with 1.5Re
coverage, to be
divided in 6 mass
bins and §

gas-poor galaxies
(P5.2)

A sample of at least
3000 bulge-
dominated galaxies
with 1.5Re coverage,
to be divided in 6
mass bins and §

A sample of at
least 3000 star-
forming galaxies
with 1.5Re
coverage, to be
divided in 12 mass
bins with 250
galaxies per bin
(P1.7.1.9)

A sample of at least 1500
star-forming galaxies with
2.5Re coverage, to be
divided in 10 mass bins
with 150 galaxies per bin,

Overlap with HI
observations for a

significant environment bins . .
10% of these are cxp.ec'tcd fraction (P3.4, with 100 galaxics per environment bins
to have outer metallicity R3.6) bin with 100 galaxies per

drop (P1.8) bin

A4 4

A sample of at least 1500
bulge-dominated galaxies
with 2.5Re coverage, to
be divided in 6 mass bins
and 5 environment bins
with 50 galaxies per bin

A selection method
that is simple and
reproducible.

I

A sample that
include
significant
sampling of
rare populations

Environment
measure available
for majority of the

sample (P3.1)

A representative sample

that yield equal statistical

power on high mass and
low mass galaxies.
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Correcting a MaNGA sample to
a volume-limited one

The of a galaxy population can be

estimated from an observed sample as:
Nobs

n(MmiIU Mmax) = Z Wj/106 MpC3

j=1

where the dimensionless weight (W)) is calculated for
each galaxy as:

e 10% Mpc’

W, =
: Nobs V:ciled [Zmin(-/\/lj)a ZmaX(Mj)]

so instead of counting the number of galaxies, we shall
sum their Mj-dependent volume-density weights.




4. Setting the stochastic AGN

baseline in close pairs

we need
probabilities
of stochastic
AGN

e e

log(Stellar Mass/Mg)

calculated from the
AGN fractions in the
non-interacting
control sample.
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First, the expected volume density of pairs that host at
least one AGN can be calculated as:

pa1r

where the stochastic AGN probabilities is from
the control sample:

log M /M — 10.6\ 2

mod ® 4
M — 299 =
AGN( 7Z) 2270 exp { ( 9 % 0.54 ) }( Z)




Observed volume densities agree
with expectations from random
pairing of stochastic AGNs
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Secondly, the expected volume density of pairs that
host two AGN (i.e., binary AGN) can be calculated as:

Npair

exp
nbagn ==
j=1

Assume Random Pairing of Stochastic AGNs

where the stochastic AGN probabilities is from
the control sample:

logM/M — 10.6\ 2
mod M — 99 {_ ( © ) } 1 4
aon (M, 2) Y0 €XP 5> % 0.5 A=z




The Excess of Binary AGNs




S. Combining the Results

Primaries

The vol. density of e00cccccccccsscece
pairs that host at 1] = —=%

least one AGN 000000 000000000000
agrees with Assuming Random Palrmg of Stochastic AGN

expectation from
stochastic feeding

Primaries

H , there i
Somitise LT
of binary AGN

Secondaries

Random Pairing of Stochastic AGN + Merger-Induced AGN




Summary

® [he virtual reality of galaxy mergers:

v tidally induced torques drive inflows, which may trigger BH
accretion in both galaxies

? sub-grid models for accretion rate and BH feedback

? stochastic feeding not properly modeled yet

e [he MaNGA reality of galaxy pairs:

v AGN duty cycle is similar in close pairs as in isolated galaxies;
stochastic feeding dominates over merger-driven accretion even
among merging galaxies

v Mergers seem to induce additional AGN, especially at close
separations; but one of the AGN has to be triggered by stochastic
processes in the first place




