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AGNs < Galaxy mergers

= ACDM predicts that interactions are ubiquitous
* Theory predicts gas is funneled towards center
= Cangiverise to M-orelation

= Can explain similarity in cosmic evolution of SFR and
BH growth

* AGN Feedback can quench star formation
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(c) Interaction/“Merger” (d) Coalescence/(U)LIRG (e) “Blowout”
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Challenges

~ Multiwavelength
diagnostics don’t always
pick out the same AGNs!
e.g., Hickox et al. 2009

AGN identification
Sample size
Control samples
Method of morphological classification

Surface brightness dimming — tidal tails may not be seen
High SFR masking AGN signatures

AGN/host contrast ratio in Type 1 AGNs

Merger stage (e.g., Volonteri+ 15, Capelo+ 17)

Time delay between AGN ignition and merger signs

Different AGN fueling processes at play (at low and high L, )
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e optically

obscured the majority of the time
when they are active
- complicate detection of the AGN



Sample Selection:

The sample: the brightest advanced mergers pre-
selected by WISE

25

Drawn from Galaxy Zoo (~¥667,000 galaxies) s,
; W1-w2>08 | . _
Required high probability of merger (70%; £2| | ;ﬁgf;ﬁf 1oa =
~1,500) 5ot DTS e st
keep only separations < 10kpc ol %
. . :———+—”——.———1————‘.———|———':3L_—;—a—|=i5:
Required WISE W1-W2>0.5 (86 candidates) 0 20 40 60 80
Projected separation (h™! kpe)
Obtained follow-up Chandra (cycles 15 and Satyapal et al. (2014)
17; PI: Satyapal) observations of the Merger triggered AGNs: detected
15 brightest candidates as red WISE objects, and not seen

as AGNs in optical.
(redshift: 0.02 - 0.1; 1” = 0.7 - 2 kpc)

=> 25 detections in 0.3 - 8.0 keV



The IR-Selected Advanced Mergers

e SDSS fibers available for at least
one nucleus

e Optical spectra = 80% consistent

with Starbursts not AGNs:
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The IR-Selected Advanced Mergers: 0.3 - 8 keV detections

JO122:+Q100 * J0841+0101 * J0849+1114 * J1159+5320
@ @ Gal17 "~ Gal 1 _Gal 2
--
Gal? Gal 1 Gal?2 Gal 2 Gal 1
8/15 have dual X-ray signatures
All 15 host one X-ray source! 03610221 || gy 11221311377
Gal 1
Gal 1 @ (&Gall
Gal2 . .
4 Observed luminosity range
o s of L, 1okev : 1039 — 108 ergs
J1045+3519 * J1126+1913 JH147+0945G 1 J130142918 *
: Gal 2
Gal 1 ) .'Gal 2
@' Gal 1 .
Gal 1
- 16
I356+1822 *

Sufficient counts (>100) for spectral

N, > 10% cm?
analysis of 7 X-ray sources

Unabs.

L, okev > 1042 ergs s-1 => AGNs!

gﬁGalz

10 kpe 4 kpc 7 kpc

Satyapal et al. 2017,
Pfeiflle et al. 2018



How about the rest of the sources...

L, 00y = cOmparable to upper limit of most
luminous SF galaxies (e.g., Lehmer et al. 2010)
=> X-ray emission from XRBs?

Large Binocular Telescope (LBT):

+ M* (SDSS MPA/JHU )

* Near-IR spectra => extinction-insensitive SFRs » L, produced by XRBs
Lehmer et al. 2010

e Assuming Paa flux solely from gas ionized by
hot young stars

» upper limits of L, (XRBs)

observed XRBs not sufficient to
—_—
Ly (XRBS) < L;.10 ke account for observed L,

=> Highly suggestive of presence of at least one AGN in all mergers
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Broad emission lines (FWHM > 1000 km/s) in 7 galaxies
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=> expected to be missing for very high extinction,
anticipated in late stage mergers.
Our near-IR estimates: A, =4 - 15
=> found only in 10% of hard X-ray selected Sy2s
(e.g., Swift-BAT sample, Lamperti et al. 2017)
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Broad emission lines (FWHM > 1000 km/s) in 7 galaxies
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=> BLR often shifted by 300 - 800 km/s

=> indicative of out/in- flowing gas

Mo, = 100s M@/yr (as seen in ULIRGs; e.g., Veilleux+ 2005)
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Kinematics of [Fe Il] and H, also suggestive of gas flows

SDSSJ WI045+35I19 Gal '\I I ' I ' J }‘SDSISM O4I5+35IW9 GC!\ 2 ' I ' I ' I
| — [Fell] 1.644 um
— H, (1-0) S(1) 2.121 um
* [Fe Il] blueshifted relative
< to systemic velocity
(Av = 300 km/s)
35 [ spssutoseraai V?‘OCity !O(m/S)I I I ;,5 —SDSSJ:)Iw22+owlooicuwile‘oity!(km/s? I ' ] ¢ NO Shift in H2
—Evidence for outflows?
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Velocity (km/s)



log( [Fe II] / PaB )

Near-IR Line Diagnostic diagrams consistent
with AGN ionization in (almost) all cases
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Near-IR Diagnostic diagrams consistent with
AGN ionization in (almost) all cases

X-ray heating ,thermal component between 1000 and 3000 K
Lepp & McCray (1983) . i . . i . . .
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Jansky VLA observations
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* Radio structure reminiscent of X-ray/optical images
* Only one low-L radio AGN (a few mly level) per merger
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Summary

» SF and AGN activity peak during the advanced merging phase
but highly obscured

» IR selection produced the largest # of dual AGN (candidates)
so far
» increased the number of confirmed dual AGNs by over 50%

= X-rays: atleast 1 detection in all mergers, with duals
(triples) in 8 out of 15 systems

= Near-IR spectroscopy:

— Evidence of hidden BLR, also possible detection of outflows
— 40% with coronal lines: at least two secure new AGN pairs

— Diagnostic diagrams consistent with AGN ionization in all cases; H,
excitation most likely produced by AGN

Satyapal et al. 2017, Pfeiflle et al. 2018, Pfeiflle et al. in prep., Constantin et al. in prep.



