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Mergers, starbursts and obscured quasars

Hopkins et al 2006 evolution
model from merger to
starburst to accreting BH
and outflow

(c) Interaction/“Merger"”

NGC 4676

- now within one halo, galaxies interact &
lose angutar momentum

- SFR starts to increase

- stellar winds dominate feedback

- rarely excite QSOs (only special orbits)

(b) “Small Group”

- halo & disk grow, most stars formed
- secular growth builds bars & pseudobulges
-“Seyfert” fueling (AGN with Mg>-23)

- cannot redden to the red sequence

(f) Quasar

(e) “Blowout”

(d) Coalescence/(U)LIRG

Z

PG Quasar Hosts

- galaxies coalesce: violent relaxation in core
- gas inflows to center:
starburst & buried (X-ray) AGN
- starburst dominates luminosity/feedback,
but, total stellar mass formed is small

- BH grows rapidly: briefly
dominates luminositylfeedback

- remaining dust/gas expelled

- get reddened (but not Type 1) QSO:
recent/ongoing SF in host
high Eddington ratios
merger signatures still visible

- dust removed: now a “traditional” QSO

- host morphology difficulk to observe:
tidal features fade rapid

- characteristically blue/young spheroid

(g) Decay/K+A
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- star formation terminated

- large BH/spheroid - efficient feedback

- halo grows to “large group” scales:
mergers become inefficient

- growth by “dry” mergers

~1 0 1
Time (Relative to Merger) [Gyr]

(b) REU program/NOAO/AURA/NSE; (c)
. Bahcall/M. Disncy/NASA; Right: Gem-

FI1G. 1.— An schematic outline of the phases of growth in a “typical” galaxy undcrgoing a gas-rich major merger. /mage Credit: (a) NOAO/AURAN
NASA/STScl/ACS Science Team; (d) Optical (lcft): NASA/STScUR. P. van der Marcl & J. Gerssen; X-ray (right): NASA/CXC/MPE/S. Komossa et al_; () Left:
ini Obscrvatory/NSF/University of Hawaii Institute for Astronomy; (f) J. Bahcall/M. Disncy/NASA; (g) F. Schweizer (CIW/DTM); (h) NOAO/AURA/NSE.




i sy Mergers, starbursts and obscured quasars

Our team has been imaging
ULIRGs with VLBI to
distinguish obscured AGN
from starbursts

Mrk 231 Lonsdale et al 2003
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S aNrEs [he WISE-Radio Young Obscured Quasar Sample
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Lonsdale et al 2015 RQ
4F~ F - It~ & " &f T} 1.5

e WISE: select the most obscured
objects in color space

e NVSS/FIRST: requiring a high
radio/IR ratio guarantees an active

radio AGN 0

e Redshift of interest: z=1-3, cosmic

noon. 00F

W1 -W2

e These sources are therefore highly
luminous by selection: quasars

e We found about 870 sources in the
heavily obscured AGN/ULIRG region.
The sample observed with VLA was
156.

e Redshift range is 0.3 to 2.8 | 0 T 9, II. 4 T 6
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Reddest objects known
Moderately radio loud

Extremely rare, consistent
with a very short evolutionary
phase

New influx of large
amounts of dense nuclear
ISM?

First new radio jet episode
after a major merger?
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Pallavi Patil's talk
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“Quick-look" imaging of 90 sources in C band, S GHz, 12m per source
1.4-2 mas resolution, ~10-20 pcatz~2
62 detections

Unresolved singles

Doubles

Multiples
Complex structures

Focus in this talk on HFP & GPS sample:
® 15 sources: 3 HFP and 12 GPS

® 8 have known redshift; 1.4 -29

Will also present preview images from the deep LCXKu band survey of Patil et al, 2022




i e c-MERLIN L and C band imaging

% INRAO

15 targets with 4 hours per source
50-150 mas resolution, ~ 300-800 pcatz~2

30-60 uJy/beam noise level

12 are part of VLBA snapshot imaging - All are compact <150 mas

Will not be discussing these results today




ANl Archival radio surveys used in broadband radio spectra
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AN J1107+34 VLA-X VLBA-C  HFP with Voeak ~10 GHz
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B J1521+00 VLAX VLBA-C HFPwithv__, ~15 GHz
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VLA: unresolved in A-array 55065 T / I,l/,ll 5 @
VLBA: close double source 2 05l a4
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J2251+01 VLAX VLBA-C HFPwithv >~ 6 GHz

VLA:

unresolved in A-array

VLBA: single compact source
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\apteom J1238+52 VLA-X VLBA-LCKu GPS  VLBA: triple VLA: unresolved
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J1958-07 VLA-X VLBA-C GPS
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PN J0943+03 VLA-X VLBA-C GPS
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S NIl )0342+37 VLA-X VLBA-LCXKu No Peak Triple with companion
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- Our sources (blue)
with are broadly
consistent with the
relation
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* 90 sources, C-band, 12m
per source

. 9FWHM ~ 1.4-2 mas

» 60% detections at SNR > 7¢

Patil et al in prep
Lonsdale et al in prep
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Reddest AGN known in the near to mid-IR 4.0r— T T S r
No overlap with CSS-GPS in WISE colors : : :?:ZSS"CSS

3.0 ® OurSample
Some overlap with high z radio IFRS ~

population _
General consistency with peak frequency - S 2.0F ¥
size relation =

i '
= Unique highly obscured radio quasar I,OL. i
sample at peak epoch of galaxy building : ‘
= Some are potentially undergoing an 0.0k ‘ol K. .- il

initial episode of nuclear fueling after a . .

major merger with high density cool ISM = PR T AP T

nuclear obscuration 0.0 2.0 WOW3 6.0
§ credit P Patil
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n J1521+400

VLBA structures: compact cores, small doubles, triples 102_Z=2'63

on 100 pc scales and smaller : P \

The 3 HFPs have VLBA fluxes most consistent with the s l

overall SEDs, and could represent single epoch gl

sources l NVSS VLA-X

Most of the GPS sources show a large loss of flux cf. the IS | A N

overall SED at S Ghz, indicating intermediate scale flux e Jo010+16

is resolved out =

= Source structures are complex with possible < | f 1

multi-epoch jet episodes S0t \ {

= Modeling must involve multi-epoch multi-frequency T

detailed spectral mapping . " . N\X
T . T

log (v/GHz)




