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Overview

(1) What is an elusive AGN!?
(2) Reasons why an AGN may be elusive
(3) Why should we care about identifying elusive AGN!?

(4) Effective ways to find elusive AGN



What is an elusive AGN?



What is an elusive AGN?
e-lu-sive

/€'lo osiv/ ©
adjective

difficult to find, catch, or achieve.
"success will become ever more elusive"
synonymes: difficult to find; evasive, slippery
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“Soft” definition: the lack of clear AGN signatures in the optical spectrum...
“Hard” definition: an AGN that is difficult to identify at any wavelength
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The elusive nature of NGC 4945
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The elusive nature of NGC 4945

3 ,NGC 4945:2n Scd galaxy .a"__c__ ~4 Mpc
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Puccetti et al. (2014)

NuSTAR image at 3-79 keV
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NGC 4945 is the brightest extragalactic source in the sky L NGC 4945 hosts a %Z
at ~100 keV! | Compton-thick AGN :%
One of the three closest AGN: elusive AGN are common! IR R

Energy [keV]



Reasons why an AGN may be elusive



Find the AGN: a multi-scale, multi-component,
multi-wavelength challenge

Problem: obscuration
changes the observed AGN
signatures

Black Hole ...

‘ .

Accretion disk:
<0.01 pc

Problem: accretion disk
is small (unresolved) -
the AGN can be variable

Problem: host galaxy

can dilute/obscure the : . -
AGN signatures -
)forder ~10 kpc (galaxy 7




Elusive AGN: variability

We know that the emission from AGN can vary S TEE A THIRST AT
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Longer timescales: AGN
signatures can disappear/appear

“normal’ galaxy

AGN variability from simulation
(Novak et al. 2011)
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Elusive AGN: variabil

Sometimes the light “echos” of past luminous AGN activity can

Schawinski et al. (2010)
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Elusive AGN: obscuration

Covering factor of obscuring material effects the visibility of AGN signatures

Obscuring torus: narrow line Obscuring sphere: no narrow line
emission visible for all orientations emission!

NGC 4418: spherical
obscuration example?

No strong optical emission lines
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Elusive AGN: obscuration

Optically Unidentified AGNs
E121.G006 - ~Sc {NO613

The host galaxy can also obscure the AGN sig

Accretion Disk “Torus” Obscurer Ga
VISV
- O
A
UV, Opt,
X-ray, ...
<0.1pc 10pc Optically unidentified:
. > 4

more edge on galaxies/
dust lanes

Nuclear obscuration

Credit: J. Buchner “Hidden Monsters” conference, |

Goulding & Alexander (2009)



Elusive AGN: host galaxy dilution

Strong host galaxy emission can swamp the AGN signatures
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[Obscured]

Degree of obscuration

[Unobscured]

Factors that dictate AGN identification

Optical spectra from Kim et al. (1995); Moustakas & Kennicutt (2006); SDSS archive
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Why should we care about elusive AGN?



Find elusive AGN and complete the AGN census

Black-hole accretion
from optical AGN

Mass density of
massive black holes

The AGN activity required to balance the scales would be optically elusive...
...balancing the scales provides insight on mass accretion parameters (e.g., accretion efficiency)



Elusive AGN may reside in specific environments:
major mergers and rapid growth phases

7-»&‘-»‘-» -»‘

- obscured unobscured  early-type
Sy OVCNHRG quasar  quasar T galaxy

Alexander & Hickox (2012)fschematic of Sanders et al. (1988) evolutionary model

Credits: NRAO/AUI/NSF; Dana
Berry/SkyWorks; ALMA (ESO/NAOJ/NRAO)

Credits: NASA/CXC/M.Weiss/National
Astronomical Observatory of Japan



AGN excess

Elusive AGN may reside in specific environments:
major mergers and rapid growth phases
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8glsa >r<|§(hs) SMG/ULIRG quasar quasar galaxy

Alexander & Hickox (2012) schematic of Sanders et al. (1988) evolutionary model
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Elusive AGN may reside in specific environments:
dark-matter haloes and first AGN
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Elusive AGN may reside in specific environments:

[ ]
Many optically elusive AGN (red) reside in dwarf gaIaXIES
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Elusive AGN may provide insight on lowest

accretion rates
Inferred Eddington ratio distribution for X-ray AGN

O 2<z< 1.2 Some may be radiatively inefficient AGN
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Effective ways to identify elusive AGN



Effectiveness of different wavelength selections

The pros and cons of different approaches to identify AGN

Waveband Pros Cons
Optical High reliability Low luminosity and
obscured AGN
Infrared Low obscuration bias Star-formation
dominated AGN and
dust poor AGN
X-ray High reliability; low Very low luminosity
host contamination and and heavily obscured
low obscuration bias AGN
Radio No obscuration bias Host contamination;

requires radio AGN
emission

Adapted from Padovani et al. (2017) review and “Hidden Monsters” conference, Dartmouth 2016




NGC1448: case study

A late-type galaxy at d~12 Mpc 30 _ AGN+Galaxy
yPe & y P — Data No clear AGN

— Fit
— Residuals| in nuclear slit

Edge on Scd galaxy

- g Gemini TRECS [2um high resolution
oL L.ﬁ,vp image - identifies the AGN

Wavelength (A)
Galaxy wide infrared emission totally
dominated by star formation

"' A clear Compton-thick AGN: '
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New and future facilities

WFIRST (from mid 2020s): wide
< area near-IR
aging/spectroscopy

JWST (from 2019): optical-mid
imaging/spectroscopy Tl

AALMA: submm-mm

...and many exciting radio facilities (LOFAR;
NuSTAR: 3-78 keV , ; ASKAP; MeerKAT; SKA)



Key questions and conference sessions

(1) How do elusive AGNs impact our understanding of SMBH
‘seed’ models!?

(2) What fraction of SMBH growth is currently being missed
and what impact does this have!

(3) What physical properties influence AGN detectability and
what are the best techniques to find them?

(4) Elusive AGNs at high redshift! Prospects for future
facilities

(5) Elusive AGNs and the role of mergers



